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FRIDAY 


BROADCAST FROM THE SOCIETY'S HOUS!I 


Fellows of the Society are¢ ve an interesting opportunity of taking part 
a discussion programme which is to be broadcast in the General Overseas 
discussion, which will be recorded in 


Lecture Hall at 8 p.m. on ‘Tuesday, 22nd June, is part of a series entitled Seriou 


Service of the B.B.( The the Society 


Irgument, in which questions on topics of international and domestic importance 
vhich have been in the headlines during the previous week are raised by membe 


f the audience, and on this occasion they will be discussed by the Right Honble 
Walter Elliott, C.H., F.R.S., M.P., and the Right Honble. James Griffiths, M.P. 
Fellows are invited to apply for tickets for admission for themselves a! 
ot more than two guests, not later than Saturday, 5th June. 


ViSiTtT TO LONGFORD CASTLE AND 


SORE! 
[iz THE SOCIETY'S 2OCUSeE 


Fellows are reminded that if they would like to receive an invitation to th 
\t Home at Longford Castle, on 3rd July, they should inform the Sect 


etary 
if the Society by Saturday, 5th Fune. They 


are also asked to inform the Secretary 
hy 5th Fune if they wish to be present at the informal reception which will be held 
it the Society’s House on the evening of Wednesday, 30th June. A notice about 


in the last issue of the fournal 


. 


both these events was published 


PROGRAMME FOR THE 201ST SESSION 


The Council will shortly be considering the programme of meetings for th 


forthcoming session, and Fellows are invited to forward to the Secretary 


suggestions for lectures and papers by 12th June. 


EXHIBITION OF BURSARY DESIGNS 


The exhibition of designs submitted in the Society's 1953 Bursaries Competi- 
tion now being held in the Society’s House will remain open until Friday 
4th June. The exhibition includes a selection from some of the designs submitted 


a 


in the Society’s first competitions in the eighteenth century. 
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SAFETY IN TRANSPORT 


Three Cantor Le 


SAFETY ON THE ROAD 
Ay 
W. H. GLANVILLE, C.B., C.B.1 


Director of Road Research, De partme 


and Industrial Resear 
Vonday, 22nd February, 


In the three Cantor Lectures which I had the honour 
Society at the end of 1950 I gave an account of the reseat 
and traffic in hand at the Road Research Laboratory. On this 
has a broader title and, in keeping with this, I 
generally. 
In many respects the road safety problem 
problems, problems which have also largely grown with 
technological development of the past one hundred years 
many of these problems have been solved or are on their w 
sense that we are providing ourselves with a healthier 
of life, we still maintain a system of moving ourselves 
roads which caused over 5,000 deaths and over 220,000 injut 
We have healthier houses with less overcrowding. We have 
adequate sanitation, strict factory regulations, and at | 
consume cleaner food and breathe cleaner air. We try hat 
against fire and the collapse of buildings and other dang: issociated 
crowds, and we have schemes of social insurance against poverty, death 
unemployment. It would be a long story to trace progress in these individu 
fields. We may note, however, that the Public Health Act of 1875 oper 


a new era in preventive medicine which was subsequently gradually exte1 
to a vast national policy of housing reform and town planning. Mortality | 
to fall about 1870 and has been reduced to half its former level in England 
Wales, from 22-5 per 1,000 in 1861-70 to 11°3 in 1952. 

As a result of the falling death rate, the expectation of 
1870 and 1951 has risen from 41 to 66 years for males a1 
females. Increased knowledge of infant welfare and child management 
reduced infant mortality from 154 deaths per 1,000 live birt 1861-7 
28 in 1952, and recent medical discoveries have depressed 
infectious diseases from 522 per million in 1935 to 111 in 195 
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TABLE I. DEATH RATES PER MILLION PER YEAR ARISING FROM ACCIDENT 


AND AND WALES* 


\\ ell, J. J 1941, 104 


lable I shows the way in which the rates of violent deaths arising from various 
rms of accident or negligence have changed. 

We may ask what the driving forces behind these changes were. ‘There is 

doubt that in some cases we must thank individual reformers, who had to 
vercome apathy or opposition among public, parliament or private purse 
lucation of the people in ways of health was no doubt a powerful force. In 
some cases legislation could not be brought in until scientific and technological 
idvance had paved the way. 

What hope is there that these forces can be equally successful with the more 
cent evil of road accidents? There is nowadays no shortage of would-be 
formers but there appear to be none living to-day with a voice and message 
vhich will be heeded by a rather apathetic public with many claims on its 
ittention. And taking the broad and distant view, it seems that the people do 
10t want to use their instruments of parliamentary democracy on this particular 
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job; they are more interested in other things 
economic and national importance. 

l’‘o return to the closer view, are the 
public health problems which are of value? If tl 
detail it will be seen that an integral part cf 
degree of control of the danger unit concert 
for exercising that control. The danger unit 
factory or a particular kind of machine; 
drink, and so on. Generally it has been possil 
these units under surveillance to be fixe 
local authority or some other body. 

But the corresponding danger units in 
and pedestrians in motion.* The comy 
dynamic units, between those sources of 
watch and those to which we give very 

Will the social historian of the futur 
twentieth century as a period during whi 
changed so that it was said ‘Here was a ft 
nation take the necessary measures to ret 
same way as it learned to accept, to beli 


the measures in other fields? ‘Time will te 


COMPARISON OF RISKS IN DIFFERI 


Before proceeding with a more detailed 


I think, look at a few comparative figures 

When you are about to make a journey 

various forms of transport. You may be 

cycle or a pedal cycle, or go by train or 

or injury in each of these methods of travel 
TABLE Il. RELATIVE RISKS IN UNDERTA 


(1945-1952 


Type of traveller 


Driver of 4-W heeled vehicle 

Motor-cyclist 

Pedal-cyclist 

Passenger in train (or passenger on station 

premises and hit by train) 

Passenger in U.K. scheduled airways 
transport we have insiste 


init is under eftective 
small number of accidents 
ident a relatively large 
rate rates for fatal accident 


taking averages over five 
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om these figures it appears that your chances of being killed are least if you 


| by train, they are seven times as gr choose air, twice as great if 
irive a motor vehicle, thirty times if you cycle, and eighty times if you risk 
on a motor-cycle. Risks of a non-fatal injury are similarly related to eac! 
except for air travel where the risk of a non-fatal injury is almost negligibl 
ymparing pre-war with post-war figures the number of deaths per passenger- 
has decreased enormously air travel. ‘he change in the road transport 


j 


tween 1938 and to-day is not so marked although it has decreased. The 


cident rate has remained almost unchanged. 


OF FUTURE TRAFFI 


What does the futu | for us? Road safety will depend on the volume of 
on the facilities w rovide for this trafic and on how it behaves. Let 
at the volume re e 4 the growth to be expected a subject of 

lamental interest is all, but especially to planners of new roads and 

systems as wel o all improvers of existing ones. ‘This is indeed 
icherous field for re tio or so far as I know most estimates have turned 
to be gross underestimates. Howe ver, l propose to-day to bring together! 
of the relevant facts and to consider what might usefully be deduced fron 

Che changes in vehicle registrations and in traffic flow in the past both in this 

intrv and in the United States (1 choose the United States because information 

adily available for that country) are shown in Figure 1. Figure 1 (a) gives 

x vehicle registrations vear by vear in the two countries, and Figure 1 

the amount of traffic using the roads relative to 1938. You will see 
tween 1920 and 1938 both vehicles registered and traffic flow were increasing 
ilarly (in proportion to their volumes) for the two countries. The post 
1ation was, however, ditferent. Even during the war the number of vehi 

ristered in the Unite: : did not fall below the number in 1938, 


ce then has increased markedly, and is still increasing, despite the fact 


it the number of persons per motor vehicle is only 2-9 compared with ou: 


re of ro. In Great Britain, however, the number of vehicles registered 


Ck 


ypped very greatly during the war px riod and did not reach its pre-war level 


ntil 1947. Since then the number of vehicles registered has been increasing 

about 7 per cent a year. In America the supply of new vehicles has been 
most equal to the demand, but in this country supply has not yet reached 
mand, although the number of private vehicles reaching the home market 
iring this last year has been greater than the corresponding number before the 
ir. It seems likely that the present rate of increase in vehicle registrations of 
yut 400,000 per annum will continue. We now have 60 per cent more vehicles 
gistered than we had before the war. Another four years at the present rate of 
crease will give us double the number we had before the war, and, in ten vears’ 
me, nine million vehicles. However, even if the present rate of increase does 
it continue it seems inconceivable that the pre-war figures will not be doubled 


nd much more than doubled in the not very distant future. ‘Che American 
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figure of one vehicle per 2-9 persons woul i fi fold ir 5 
1938 or 17 million vehicles! 
Che position with respect to traffic flow is rather different. W 
the pre-war figure for traffic flow until petr iS in 195 
1953 the amount of traffic on the roads at anv time 1 ibout 2 
above pre-war. The United States, how i traf 
1946 and since then flows have been increasing there at t 
the number of vehicles. It is clear that t g t t 
: ROA VEH 
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FIGURE I (a) Growth in number of vehicles ; (b) G tre 
a smaller mileage than it did pre-war. At least part of this decrease in mileag 


be due to the increased cost of motoring and it is likely that mileage per ve 


will change in accordance with this cost. It seems likely that these very mar! 


trends in traffic flows will continue. It is worth noting in this connection t! 


although the world economic slump in 1929 resulted in a halt for a s 
time in the increase in the numbers of vehicles register and in the ve 


mileage, it did not result in a drop and the increase started again in 1931 
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Che first and third of these periods are accounted for by the First 
World Wars; the second drop was almost certainly the result of the 


[raffic Act; the drop between 1947 and 1948 was due to the complete pro 


ich shows the 
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ems to me unwise not to assume that there will be very substantial increases 
the vehicle registrations 1 traffic flow in this country, especially as it seems 
‘ely that the cost of motoring will decrease in comparison with tl st of 
inv other commodities. 
ACCIDENTS 
How will a large increase in the number of vehicles using the ids atfect the 
yuency of road accidents? It is obvious that there will be many more ts 
ess something is done to prevent them. This is well illustrated in Figure 2 


number of casualties from road accidents in Great Britain year 


1934 Road 


hibition of petrol for private purposes, and the drop between 1951 and 1952 


an be at least partly explained by the change in road behaviour accompanying 


the introduction of zebra crossings at the end of 1951. ‘The only drops in the 


equency of road casualties have in fact been due either to the reduction in the 


imount of traffic due to war or economic conditions or to the changes in behaviour 


jue to active administrative measures. It is clear that since we cannot, as rational 


uman beings, look to war or economic circumstances to solve our road accident 


problem the only proved course is by making administrative changes. All other 





neasures that have been taken have merely served to reduce the rate 


ot 


incre 


ase, 
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If accidents increase at the average rate at which they LV n it 
since the war; which is not very different from th it t wa 
1934, We might expect in ten years’ time about 330, cas S a year as 
pared with 226, casualties at the present time. That I ne { 
were a casualty not more than once in a lifetime this woul that wit 
in a hundred and fifty would become a casualty each year. If person 1 
span of 75 years one person in two would become a casua im 
lite. If accidents were to increase directly with the nut f nic 
position would be worse. In ten vears’ time casualties 45 
Fortunately this is not to be expected 
25, 
7 
= ° 
re} 
. | 
a 
i 20} + 
~ | 
a 
° 
a | 
° 15} 
° 1938 J 
8 | 
Oo 
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a 10} i | 2 FRAN e 4 
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- | 4 GREAT BRITAIN 2 BE M 
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7 CANADA N IRELAR 
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C 5 o ws 20 25) 3 35 
VEHICLES PER 100 POPULATION 
FiGurReE 3. Relation betwe number of 
per 100,000 population ar number of 
tered wehicles per 100 population for 
In this connection it is of interest to compare tl ite in G 
Britain with that of other countries, but this is difficult to the diffe: 
sizes of the population, the different numbers of vehicles and tl liffes 
lengths and characters of the roads. However it is worth while seeing how t 
number of fatal accidents per vehicle or per unit of p lation varies ir 
different countries. Some data on the subject can be in Figure 2 
Table III. It will be seen from Figure 3 that, as is perhaps to be expected 
the amount of traffic in a country increases, the proportion of the populat 
that is killed in road accidents increases also. The rate of increase of accident 


nm th 


however, is not nearly as great as the increase in the number 


f 


this reason that, as Figure 4 also shows, the number of road 
of vehi 


registered decreases with increase in the number 


It appears that as the number of vehicles in a country incr 
PI 


oO? 
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t more used to the proble m that the increase of traffic « ntails, and become more 
killed in avoiding accidents. ‘The number of fatal casualties per vehicle registered 
nds therefore to decrease but not generally at such a rate as to result in a decrease 

the absolute number of deaths. Although the individual points are widely 
attered about the curve, for each proportion of vehicles to population ther 

in expected number of deaths (sreat sritain, | am glad to sav, is not abov 


average for our number of vel 


icles and population 


In Figure 3 and in Figur two curves are shown. The dotted curve relates 
+ 


1938 figures and the full one to 1951. It is significant that the later curve 
lower one, for this shows that after allowing for the growth in ve Ss an 
pulation there is a general fall in the accidents in most countries his 1 
ther sign that the population is gradually adjusting its roads and its b 


the probl ms of motor trafh« 





oc 
9 
5 s 3 
E ER POP “ NS 
FiGcure 4. Relation between number of deat! 
r j J } 
per ’ e ehicle ( nun ) 
f ehicle her l population ) 1951 


On the basis of the curve in Figure 3 it is possible to make another predictio1 


f the number of casualties to be expected in the future as the nun 
grows in this country. ‘lhe increase would be expected to be about 40 per cen 

it is casualties would reach 220, in ten vears’ time. 

lable III compares conditions in 1931 with those in 1951 and shows the 
hanges in the number of vehicles and in the fatality rate per vehicle registered. 
\ll countiies have had very marked increases in the numbers of vehicles, and 
t is gratifying to note that Great Britain, despite a 97 per cent increase in the 
umber of registered vehicles, had a 22 per cent drop in the number of its road 
atalities. Great Britain is the only country from those for which we have data 


vhere fatal road accidents have fallen in numbers in the last twenty years. This, 
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although gratifying, does not mean that much does 


reduce the vast toll of road accidents. 


rABLE III. PERCENTAGE INCREASES IN NUMBEI 
FATAL ACCIDENTS BETWEEN 193! 
Per 
Country 
Vel 
Netherlands (1949) ° . 4 


France 


| 
Denmark 


Great Britain ) 
U.S.A. 

New Zealand 

| land 


Finland 
Sweden 

Canada 26 
Switzerland 

Norway (195¢ ) 149 
\ustralia od 
Portugal (1950) 


Belgium 
Northern Ireland (1950) 


South Africa 


Spain (1950) 


ACCIDENTS AND SOME OF THI \ 

Up to this point I have spoken of the evil of road accid 
of the problem and of possible future trends in traffic and 
side of a wider question, for the economic and social lif« 
depends upon efficient transport and therefore largel 
roads. A high standard of living is inextricably bound 
of road development. In this country over 14 million 
connection with road transport and therefore directly d 
livelihood, and the expenditure on road transport is 
national income. In the United States one worker in se\ 
in some phase of highway transportation. Moreover the or 


value on individual transport by motor car. 
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(hus, although in addition to the human suffering caused the economic 


ss to the country arising from road accidents has been estimated at as large 
gure as {1 millions or more a year, it is difhcult to see how we can, in 


ighly competitive world, adopt a policy of reducing accidents whatever the 


ess of the other economic and social consequences. If values could 


st, regard 


put to all the accident-producing circumstances and these could be linked 


the one side to a full knowledge of the laws of trathe movement in relation 


road design, vehicle design, speed and human behaviour, and on the other to 


and detailed economic and social assessments, the problem would no longet 


choose the most accept 


ist in its present form. The problem would then be t 
balance between known effects 
Such a complete knowledge of the problem is, and always will be, unattainabl 
id it will always be necessary to make decisions on incomplete evidence. But 
in and must try by the careful study of accident-producing circumstances 
of the effect of counter-measures to make our knowledge more complete 
in it is at present. his is our aim in road research. The two sides of the 
stion are constantly in mind in the planning and conduct of the researc] 
However our present concern is not mainly with research but with the wider 
ssues and what we can do about them. Despite the lack of precision in out 
ywwledge and the urgent need for more study the main outlines of the 
roblem are clear and have been clear for many years. here are really only 
» main sides to the question, on the one hand the equipment we use—our 


ids and our vehicles and on the other hand ourselves the human element. 


Che days are past when any one of us would argue that our roads are anything 


totally inadequate for the traffic they carry. They turn and twist; they vary 





width; they mix all types of traffic, and, although many miles have been 


lanned, not one mile has been built with a special eye to the needs of the motor 
le. 


nicl 


It is unnecessary for me to say more, for it is now frankly admitted th 
they are out of keeping with the age of the motor vehicle, and that what is needed 


put things right is a wholesale reconstruction—new roads and improvements 


xisting roads on a vast scale involving great expenditure. 
We spend less than {1 million a year, which is about 43d. a vehicle-mil 
| maintaining the roads for our vehicles whereas we spend a total of sixpence or 
re a mile in the running of our vehicles: if soo, new vehicles come on 


» our roads this year we shall have spent a total of not less than £250 million 
n new vehicles alone 
It is, so far as road expenditure is concerned, as | have said on an earli 
casion, a matter of outlook and habit as indeed is most spending above tl 
ibsistence level. The public attitude towards the road problem is such that 
road reconstruction is not given high priority in relation to other matters: th 
provision of cigarettes, beer and television, to sa\ nothing of the social 
rvices, are put first. Of recent years much thought and publicity has been 


riven to this question by industrialists and others interested in good roads and 
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it is clear from recent announcements in Parliament and t Press 


favourable atmosphere for road construction is d ping. B 


public attitude towards the road problem changes very mu mor 
done up to the present we can, of course, d itt 
question. 

In the meantime, we can trv to come to grips wit 
our understanding of it so that we shall know 
now devote to the matter, and we can prepare wisely f 
that will have to be spent in the future 

In my last Cantor Lectures I gave many examples 


the Department of Scientific and Industrial Research 11 


interested bodies and of the results obtained. ‘The examy f road in 


ranged from studies of town congestion to inctior 
is unnecessary for me to repeat the story. We k1 
about the effect on accidents and on traffic flow of t 
of road layout, of pedestrian crossings and pedestrian control. A 
work have been published in the Annual Reports of t R R 
and elsewhere. 

he study of conditions in built-up ar 
about thre¢ -quarters of the accidents oc: 
congestion of traffic is also there. Not onl 
main streets of Central London but it is nea four ti 
mile travelled as it is on the rural roads of Buckinghat ( 
there is much that can be done to redu cidents 


segregation of pedestrian trathe by guar 
of surfacings, better street lighting and better contr 
measures that are urgently needed. A caret 
would, I think, reveal many things that ild | 1 
little expense. 
‘| he proble m of developing the main arter 
Much can be done by building by-passes to t 
trunk roads. But these can only be palliati 
rest in special-purpose highways. As long ago as 1938 t \lness 
the Select Committee set up to reps 


that one experimental motorway should bs ult. Si that time 


none in this country but many have been ilt | yt ntric 


with its extensive motor road system built by Hitler is ildit 


our continental neighbours in France, Holland, Belg Ss 


and Italy all have examples. America has many. T} no doul 


saving in time that these make possible—in Germany it porte 


transport can travel up to 400 miles in a working da t t diff 


saving in accidents is not alwavs so clear, for without ad 
speeds may bring new risks. However, that motorways cat fe-sa 
quite apart from the help thai is given to the more congested areas 


trafic from them. First-hand experience of motorways, 1 ign, 
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operation, would be of great value in Great Britain, and is an urgent 
juirement. 
\lthough motor roads would not solve our road safety problem they could 
ake a useful contribution. It is of interest to see what reduction in accidents 
sht be expected from them. 
Ihe accident rate on existing roads ranges from 13 per million vehicle-mil 
two. Experience abroad shows that on a motor roa 1 built to the best possible 
tandards the rate might be as low as o 0, the value recorded for the Davison 
xpressway in Detroit. Tl reduction could, therefore, range from about 


hicle-miles, according to the conditions that are being 


12-4 to 1°4 per million ve 
lieved. 
For a motor road carrying 20,000 vehicles a day for 250 days a ve 


economic gain to the nation from the reduction in accidents would be 1s per 


nt per annum for a saving of 12-4, and 2 per cent for a saving of 1-4 accident 


"7 

1 capital outlay of £200, per mile of road. These figures would, of course, 
sone £ +] watt irried were | Ri pee Rete Pee 
much less 1f the tra irric were less. but as motor roads are required 
for busy routes and rapidly attract trafic to them they are perhaps not 
isonable ones. ‘They would be additional to the other and more substantial 
nomic returns from bu motor roads. The 1946 plan for motorways 

sualized the construction of 1 miles of them. ‘This length of busy mot 
vays, could, therefore save over 7, casualties per annum at the lower rat 


possibly many times that number. 


Before leaving this brief discussion of the road element in road safety I should 


ce to say a word about what may at first sight appear to be a comparatively 
minor matter, the road surface. I do not think it is. For with the modern, fast 

‘tor vehicle this subject is assuming a much greater importance than it has 

d for many years past, and former standards are not good enough. It has 


ecome clear that the rough-looking surface is not always as good as it 





to be, for some kinds of stone tend to polish more than others. In one recent 
xample, following a general improvement in road alignment and the application 
»f what is known as an open-textured carpet, eight accidents were reported in 
yur months whereas there had been none in the previous year. Tests were mad 
was found that the surface had a low resistance to skidding. After treating the 
irface with a better material no further accidents occurred in the following 
six months. Similar treatment on a slippery but rough-looking surface at a 
yundabout reduced accidents from 33 to seven a year. The estimated saving ir 
the cost of accidents was £3,000 to £4,000 in one year and the cost of the treat 
ment was {150. Similar but not quite such spectacular results were obtained 
by roughening the stone setts in a busy city street. ‘This way of reducing accidents 
must rank among the least costly and most certain of the methods that can b 
employed. Compared with the expected reduction of ten fatalities a year, 
rom a capital expenditure of £17} million and an annual expenditure of £2-2 
million on an improved railway signalling system, the cost is negligible. On that 
basis, on an equal valuation of expenditure justified in order to save life, to 


save the same percentage of the fatalities occurring in road accidents, the 
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justifiable expenditure would be over £2, million 1 nd [2 
innually. 
THE EQUIPMENT 

We shall later consider some of the y i] hi 
drivers contribute to road accidents. One way 
element would be to design and maintain vehicles so 
demands on the driver. For safety on the r 
where he is going, to stop quickly if the ne« ses 
This is, of course, quite obvious, but tl 
vehicles reveals features which conflict wi 
ments, and which show that a high prop 
condition. 

In my earlier Cantor Lectures I had a goo lto sa tt matt 


particularly about dazzle from headlig} 


] 


Since then the studies have been pursue 


The pedal cvcle 

We have seen that the pedal-cyclist is one of 
and for this reason alone the condition of his 
to him. From examination of children’s bi it | ind that t 
neglect of proper maintenance some 4o p 


tr ' nad ¢ ' iT + +} 


loubt that the ‘immediate action’—the 


cyclist—called for by Professor J. Harry Jor I t t letter to The 7 


is of great importance. It would be still 


a scheme for maintaining bicycles in prop I 
Lhe motorized bicycle presents speci il pr 
ind lighting are those of an ordinary bicycl his 


attention at the present time. 





Dazzle 

\ll drivers who use the roads at night 
vehicle he adlights leaves much to be desir | | ) 
different designs; a high proportion are badly aimed and many ha leteri 
to a feeble glimmer or are completely out of is. Me 
about 40 per cent of the meeting beams (1 lipped t passlig 
are more dazzling than they were designed to 

Facts about the mis-aim and deterioration of headlamy re obtain 
a survey of about 800 vehicles on a trunk road near Oxford. Only about 
ten of the lamps were set with approximately the correct aim, whilst about 
were displaced more than 3° from the correct setting vere in such a p 
condition that it was impossible to estimate their aim with any degree of accurac 
3° is approximately the angle between the main and dipped beam of an ordir 
dipping headlamp. Of the passlamps about one-quarter were aimed aboy 
horizontal. Fixed headlamps on some of the older cars and on commer 


vehicles showed the same faults. 
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While mis-aim can give rise to very high or very low intensities deterioration 


avs gives rise to low ones. It was found that one car in six using the dip-and 


| 

ch method (mostly the older cars) had a maximum intensity of less t 

| tenth of what it once had, and one in two was below one-half hes 
vs have shown that mis-aim and deterioration are so prevalent that it is 1 


rising that there is complaint about dazzle on the roads. For when the us 
poor lights meet a vehicle with lamps in good condition, they are ba 
ed. But unless they have driven with good lights they may not real 
much they themselves contribute towards this result. Even when th 
ir of other traffic, these poor lamps give a reduced range of sion al 


ontribute to an accident 


Che International Commission on Illumination has been engaged for s 


past in an attempt to decide upon a standard headlamp which will pro 


eptable in all countries. ‘The Road Research Laboratory is collaboratin 


vork. The general conclusion from the work of the Road Research Laborat 





resent is that, whilst it 1s necessary to choose a good design of headlight 


m, there is quite a range of designs any one of which if generally adopted 
ild give very similar visibility. What is absolutely essential after standardizi 


of these designs is to get a real uniformity by seeing that the lar Ips 
rectly aimed and maintained. Unless this is achieved hope of improver 

| prove illusory. Periodical testing and enforcement of standards by th 
ce will, I think, prove essential if a high standard is to be maintained 


With the co-operation of the police the brakes of vehicles in use on the 1 


been tested. Good brakes can stop a car in 45 ft. from 30 m.p.h. A 
If the cars tested required about 7o ft., one in ten over 1 ft. and one i 
undred over 200 ft.; and these figures do not allow for the reaction time of tl 


r. Some of the heavier commercial vehicles also had very poor brak 
ng to the slow build-up in the braking system. Only about to per cent of t 


ikes on the front wheel of motor-cycles were efficient. In other tests one 





ir cars had very little braking on one or more wheels. 


v lights 


\ survey made during the winter of 19 





f the intensity of rearlights on 


ise showed that three-quarters of the private cars, commercial 


hicles in 
hicles and motor-cycles, and 98 per cent of the pedal cycles had rearlights wit 
ntensities lower than that required to make the rearlight plainly visible when seen 
ar the dipped headlights of an oncoming car. Four in five pedal cycles and three 
five of the commercial vehicles had rearlights of less than one-tenth of this bright 
ness. The inadequacy of rearlights as a factor in night-time accidents was reveal: 
y a statistical analysis of night accidents. This showed that inadequate rear 


ghts were probably the cause of about 3,400 casualties a year (about g per 
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cent of all night casualties); the resulting monetary loss to t mi 
estimated to be about {2 million a year. Since 1951, wl 
first published, there has been some improvement in the standard of 


especially on commercial vehicles, and in view of the new 


by the recent legislation still greater improvement is to | kpecte 
lighting of pedal cycles still remains a particularly s 


dealt with by official regulations. Highly efficient rear] 





at a reasonable price but designs of dangerously inferior qualit ntir 


sold to the public. 


Vehicle inspection 


It is clear from the foregoing that the condition of 
on the roads is very unsatisfactory. Brakes and lights of 
some grossly so. Hew can we ensure that vehicles are us« t t 


roadworthy condition ? 


Improvements enforced by allowing only juipmer! prov t 
be sold might have a considerable effect, but to be certair 
was maintained further measures would be necessary. In it ) 
Road Safety Committee of the Ministry of Transport recor it 
testing stations following the American pattern s| it 
In some States in America the law requires that all vi 
periodically, usually once or twice a year. ‘Vhe br 


} 


machines, the intensity and aim of headlamps a1 


is examined and all the accessories having a be 

that they work efficiently. A deficiency in any respect has to 

by the vehicle owner. It is significant that the accident 

miles in the States having vehicle inspection is, on th ibout 


cent lower than in States without inspection. 


Let us look at the economics of this question. Vehicl pection in Ar 
costs about ten shillings per vehicle per annum. Added 
cost of taking the vehicle to and from the testing station. But if testin 
done by approved garages at times to suit the individ thi yul 
Assuming that we can disregard this addition and can apply the Am 
figures to Britain we might expect that inspection of all Brit ehicles 
cost £2} million and would hold out the hope of eliminating 20 p 
accidents and therefore of saving some {£20 million. ‘The introduction of 
inspection is therefore at the least a very attractive speculation in 
the possibility of large dividends. Looked at from the point of view of d1 


comfort alone, and setting aside all considerations of safety, it is quite ¢ 


that, with proper regulations on uniform headlights, dazzle from imp 
adjusted or deteriorated headlights would be very greatly reduced. As mot 
ourselves, many of us would willingly pay ten shillings a year to ensurt 


the headlights of all other motorists were properly adjust 
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ired. \ plan 
ther physical or a 


mie 


a proportion of tl 
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judged to e some isonable chance of producing measur 
ild be adopted 
When road safety propaganda is being discuss ag 
the Road R arch Board proposed that ar ) 
cted for a comprehen <periment and I 
uggestion was that everything possible should be done to mak 
s of the town safe. It would then, by acting as a practical exar 
e achieved t the p for other towns and perhaps for tl 
proposal \ leferred for a variety of reasons. It has beet 
hin recent months. It ght not prove to be v costly. It 
ery int ting, useful and highly profitabl | ment t 
} f destriar 
Chere at e int ting trends in pedestrian accidents sh 
6. Driver and passeng ialties are also shown in the figu 
spectively with British and American conditions. ‘The most not 
the fall since 19238 of pedestrian casualties and the general 1 
nd passenger casualties. ‘The increased speed and volume of trath 
non-built-up areas may account for the upward trend of the 


vassenger casualties. 


xposed to risk arising for exampl 


arrying people to their jobs and 


loser study. 





leasuring 


ater awareness of danger, 


the effect « 


ative, should, in my of 


funds and the effort sl 


] } t 








a reduction in 
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OURSELVES THE HUMAN ELEMENT 

Let us now look at the other main side of the question ursel 

ent. This is just as important as, perhaps more important than, the e« 
use. Here we are concerned with how we behave as road 

ss as drivers, with training and propaganda, with courtesy an 

how far we should sacrifice individual freedom in the cause ¢ 

In this field there are great gaps in our knowledge; in fact, 
nning. It is indeed diff t to sav anything which is bas« 

t as against reascnable opinior his was even shown in tl 

the House I or mm spe mits when, f I mav sav so 
nsed with eloquence but with a singular lack of reliable 

Che truth is that many of the road safety measures adopted 

e not been applied in manner as to make a 
ble. This is certainly the with most road safety propaganda 
t of us feel that there | been some resulting beneficial « 
ly been planned and ried out in such a way that tl 


] 


coupl 


t 





the 


from the greater use 


motor 


Dhese 


asl 


questions 


this purpose. A corollary to this is that only those propaganda sch 


The decrease in pedestrian casualties may be 


numbers ot 


isses 


Althoug 
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Getting the pedestrian safely across the 


major problems of road safety conce1 


crossing was one of the examples of a plant i stig 
that I was able to give in my earlier Cant s. | g 
the trial stage and I could not then give any indicatior 
This is now possible. An examination of 
(1) pedestrian accidents fell more than 1 pe tri t 
a 7 per cent decrease in pedestrian accidents ; (2) a 
than in rural districts, 8 per cent compared wit Pp 
up by 2 per cent in Northern Ireland both 1 . 
were no changes in regulations in Northern Ir 1;(4)a 
in towns with pedestrian crossings than in ns t 
pedestrian casualties have increased in 1953, p I 
less than those in 1951. On the other hat I 
casualties is greater than in 1951 and 1952 
BO O00 
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Ficure 5. Pedestrian and non-pedestrian casualt 
t has not s 


[he zebra crossing has helped, although 1 
getting the pedestrian safely across the road; nor can we exy 


so which does not provide for a more definite separati 
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estrian and vehicular tratt Separation by provi traffic lights has beer 
wn to halve pedestrian accidents, but separation by tunnels or bridges is not 
vs so effective because, without compulsion, pedestrians will not use them 1f 
time taken to cross the roa using ther is appreciably greater tl i ti 
taken to cross in the normal way. 
he question of pedestrian discipline is one that has received a good deal of 
ntion in some counti The best methods of achieving it merit care 
sideration 
dent-pronene 
It is generally accepted that even if motor vehicles and roads were vastl\ 
proved some road accidents would still occur because human beings are ofte1 
less, foolish and inconsiderate. It seems reasonable to suppose that, as son 
ple are worse at games and crafts than others, some people will be wers 
ers than others and much more liable to make mistakes and be involved u 
lents. If such drivers could be detected and prevented from driving or gi 


] 


If, for example, we consid 


el 
ticular city, on this hypothesis 
haracter of traffic encounter 


ind (3) the operation of the law 


have 


prone, or he mav 








ial training then the roa 
lerlying such a point of view 
irly stable but that individ 
1tions. 
30.000 
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FIGURE 6 
fatalities in 


driven a great mileage, or 


basic 


fall. ‘The 


is that an individual’s susceptibility to accider 


accident rate would assumptio 





ials differ one from another even under the san 
Ze 
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the accidents sustained by the drivers in a par 


we suppose that an individual driver’s accidents 


lepend upon (1) his environment, that is the type of vehicle he drives and the 


d, 


s of chance which will tend to mask the operation 


(2) the driver’s inherent accident-proneness 


f (1) and (2). Thus, a driver with a large number of accidents may be accident- 


he may have been merely 
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unlucky, or alternatively a combination of all t factor he 


Such evidence as there is seems to show that accidet re not is 


pure chance but that the divergence from tl i ur nt 
to enable individual accident-proneness to be detect vit 

solely by a consideration of drivers’ accident 1 rds. I r, b 
physical and psychological tests some dis t f ind 


common among the accident repeaters but ut 
then such a test, in conjunction with accident t 


cast ¥ accident-proneness 


Unfortunately, no simple defect has yet 


iccident repeaters but not to the accident-t 
roughly the same blood pressure, the same 1 tion tir 
as the accident-free group. However, one rather i 
from this tvpe of investigation. It is com 


at physical and psychological tests in their « 


{ 


ill. But it has been shown i 
5 ear-old driver has fewer accidents than t to p. D1 
apparently safer at an age when their scor t 
when their scores are high. 

Something other than pure skill or physi 


importance in determining accident-liability t 


the increasing experience reduces acci t 

uggests that the missing factor is connect it 

temperament. ‘Temperament changes with ag nd its 

this factor may account for the reduced accid DI | 


in this country and in America investigati 

is likely to be the bad driver. For example, in t ft 
in London, Ontario, it was found that the cident 
record and parental history, several hobbi f bs 
the accident-repeater group was inferior it 

»f truck drivers another investigator found t 

accidents tended to be free of tension and 

and domineering. A War Office investigati 

were involved in accidents frequently had a hist 

in civilian life changed jobs frequently. It is surpris 


idvantages as short reaction time and hi 


a very important part in accident-proneness 

gross deficiencies may be rare among drivers o1 ri\ 
defect and be able to compensate for it H 

a temperament predisposing him to accident 


It is clear that in the present state of kno 


recognizing the bad driver. ‘This might be obtained by a1 nt eit 
tion than has yet been undertaken, by maintaining a1 lex—perhay 
sample basis—of drivers involved in accidents and link this to obser 
and tests on a representative selection from them. It has irgued that 
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1 the application of the lessons learnt, would involve inroads on th liberty 
he subject moreover, that the results could not be applic 1b iuse son 

irivers would alwavs sutter with the unsafe. Ignorance is not bliss where 1 i 
ty is concerned and I think we should, despite the contra-arguments 

the gaps in our knowled 

] 

river training 
| America 1 instruction is given as part of the regular curriculur 
gh Schools. In 19§2 at least ¢ schools offered complete courses includit 
1 training; they were taken by about a third of a million students. The tot 

of this training 1s about [2,5 Does such training id to f 
lents ? Several studies have been made by comparing the accident experi 
group of trained dri vith a similar-sized group of untrained drivers 
ible IV summarizes the results from twelve studies in states and cities 1 
\ rica in which the accident rates for men and women separat 
iated. It l be that the trained drivers, both mal 1 tema 
icl better a ident ( than the untrained 
\ HE RATI F TH lr RATES O} STRAINI LINE 
I ( Vit IODsS OF TIMI S.A.)* 
lecident rate Rati 
ky re w per 1 icc1dent rat 
7} €} Iccident ariver l ntrained 
nonth er month Trained 
Mien and bo 
Untrair 123,865 979 79 | ek 
[rained 61,818 2s 4°3 
Women and $ 
Untrair 42,581 11 2°6 , 
l'rained f "72 72 12 poe 
Another example of the great advantage to be obtained from ge 1 traming w 

hown by an investigation made at the Road Research Laboratory into the a 
nts experienced by about twenty groups of drivers from transport undertaking 
vernment departments and the police. It was found that the police training 
hool record was the best by a large margin: they had only half the number of 
cidents of the best of the others and the worst had over ten times the numb 
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Amongst the licensed drivers in this country one in t 


1 
nd theret 


first licence during the past twelve months 
one year’s driving experience after having passed his test 

I have already referred to the need for training th 
urgent is the training of the motor-cyclist, who contr 
of the road. The Royal Automobile Club and t] \uto-( 
supported by the Royal Society for the Prevention of A 
a training scheme for motor-cyclists In Oper tl 


with small numbers. Here is a good foundati 


One of my colleagues at the Road Research Laboratory, © 
holding a Commonwealth Fellowship in 1952 in the 1 
made a careful study of the accident rat f Ar 


transport concerns. He examined the meth« 


discipline and rewards. Some of the records 
rates which he attributed to the following 
1) ‘The high standard of professional 
and accepted by drivers. The professional 
driving’, so that no matter what the ot 
take place. He is judged to be at fault 
precaution to avoid the accident, or failed t 
other road users. By these severe standat 
preventable ’ or ‘non-preventable’, and 


driver is held to blame. 
(2) ‘The system of supervising drivers 


(3) ‘The high rewards for safe driving 


and prestige, and 
(4) The severe penalties for having pt 


lhe considerable savings effected wert 


difference between profit and loss. 


Drur henness 

How far is drunkenness a cause of road accidents? | 
cannot be answered with any certainty. Poli rds 
of the road casualties in Britain are classified as due to 


rt 


ly an underestimate, possibly a g1 nderest 





ce n 


moment the problems confronting a policen 

suspects of being under the influence of drink 

case medical evidence has to be produced, so the driy 
taken toa police station and to be examined by a police 
if he wishes, call his own doctor. As all this ma\ 
and there may be delay, in all probability the suspect 
become sober although, at the moment he was first s 


quite incapable of driving. 
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Che difficulties in securing the conviction of persons manifestly under th 

nfluence of drink or drugs have been dealt with in some of the Scandinavian 

intries by re-defining the criteria for drunkenness. Instead of relying on 
ehaviour tests a person is considered unfit to drive if the alcohol content of his 


lood, measured by chemical means, is above o-1 per cent in Denmark 5 per 





nt in Norway, and o-r5 per cent in Sweden. In some American States also the 
‘15 per cent and breath tests are used instead of blood tests. In t 
ntrv research is being carried out by the Medical Research Council at t 
Road Research Laboratory on the effect of small amounts of alcohol on a person 


itv to perform a task similar to driving a cat 


| lhe whole question of tli letection of drivers who are under the influ 
nk may eventually have to be reconsidered in the light of this investigati 
1 of the success or otherwise of the new legislation in use in other countries 
Speed 
Chere are conflicting views on the subject of speed. Some people believe tt 


1 is the cause of all accidents; they begin with the argument that it 


hicles were stationary there would be no accidents. Others think: that it is th 
ise of none: this attitude is illustrated by some of the arguments advanced 


recent House of Lords debate on speed limits, for instance, ‘That sp 


tself, is no danger factor at all’. The fact is that although there is an obvious 

asure of truth in both these arguments they both beg the question: for in tl 
rst case 1f we are to use vehicles at all we must have som Spec 1 and int 

mynd case speed cal tt exist by itself, separately from th ittenda 





imstances. 
Lhe speed of a vehicle affects many things that have a direct bear 1g 


ident potential. For as speed increases the vehicle travels further before t 


er can begin to act on his impressions, the forces resisting skidding ar 


listances at which objects can be seen at night decrease, and the brakes ta 
nger to bring the vehicle to rest. Moreover, the energy stored up in the vehi 


creases as the square of the speed, and hence the seriousness of any accid 


eases rapidly with speed 
Che driver is constantly faced with the problem of deciding his speed. In d 


1 


is he continually weighs up the situation: can he overtake before an approachi 


hicle reaches the one he wishes to pass ; can he, in view of the condition of t 


ad, take the bend he is approaching without slowing down; when should | 
oat 


nead, anc 


gin to apply his brakes so as to stop at the cross roads a 
skilled, experienced and a safe driver, his decisions are sound, if he is not 


killed his judgments must be less reliable, or if he is prepared to take risks 


1 so on. If } 


ifety margin will be less. The effects of a burst tyre or a failure of the brakes « 
f the steering mechanism will, of course, be more serious the higher the speed 
It seems, therefore, hardly to be questioned, other things remaining the sam« 


treater danger and accidents of greater severity. What 


it higher speeds mean 


atistical evidence is there to support this conclusion? 
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First of all we must discard as unacceptable th 
that only a few per cent of accidents have speed 


Judging the speed after the event is much too ur 


the 1934 Road Traffic Act, which came into force in 1935 
the 30 m.p.h. speed limit in built-up areas, was t 
in the number of accidents and by a much greater r¢ 
Whether this effect continued for many years is not 
Thirdly, in 1953 the ratio of fatal to all casualties in built 


a 30 m.p.h. limit was 1°8 per cent and in non-built-up areas 3 


speed limits have been imposed on motor roads i (mer I n 
with, it is reported, beneficial effects. On the Pennsylvania ‘| 
road of fairly modern design, with dual carriageways, sp 


been fixed at 60 m.p.h. for private cars and 45 m.p 
Shall we in Great Britain eventually com 

limits for non-built-up areas are desirable Chat spe 

particularly when roads are deserted, cannot be deni 

be, yes, for it would seem certain that lower speed means f I 

accidents even though there may be some drivers whose 

and temperament are such that they can drive fast where 

without greatly increasing their chance of an 


The question of enforcing speed limits is 





This depends not only on the effort the police are wil 

to it but also on the reasonableness of the limit 

Chere seems little doubt that the time is ripe for the get 

limits—their location, the speeds to be permitted and tl nf 
viewed ' 
I do not think the public is yet fully aware of the great benefits that 

proper police activity in road safety. The ‘courtesy coy 


investment. Promoting road safety should not, in n 
one of the less important of the police duties 
ition are as great as or perhaps greater than i 
SOME CONCLUDIN«‘ BSERVA 


Reviewing the subject generally it is clear that the n 


world by surprise. In fifty years it has completely transform: ir wl 
and mode of life. It has come as a flood and our flood def 
topped long before we have finished building them. Have ight up 


our thinking? I think not, and yet this is surely the first st 
development of our road system. Road accidents constit 
first importance both to the individual and to the community 

We have seen that, apart from wars, major catastrophes, a1 ctl 
trative measures, accidents tend to fall gradually in relation to the trafti 


in most of the countries of the world—a process of evolution: in fact, the t 


to fall is greater in Great Britain than in other countries. N theless, tl 
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imbers because trafic grows so fast. We are therefore ae 1 to the 


ision that big changes are essential to produce big effect 








tasks a lea Mirst to s that our equiy I 1 vads | 
first-class condition. S ndly to see that each u rst 
mmsibilities 1 that we e properly fitted and trained to undertake t 
thirdly. to see that sanct ire properly devised and apy t tail 
ssal 1j 
\ have seen that in allt pects itis notr i st] f ' t 
moperfections: tl impr t Ss are gross on ind to .s of} 
n rab] 1 ' 1 | \ I t lit Ir 
T it measurabd p 10 vou mean heavy an mtin eX 
ir the maior iter such ast building of 1 ‘ x S S 





tial elements in t ljustment of our civilization to the 1 
ier a Start in b mad t t m the rreat t n S% t I] | { 
inges may also consist of 1 y small changes applied in such a 
ip into a big wave of awareness and activity. In the course of 1 lect 
named some big changes and a number of smaller ones that would hely 
} biggest change of a ind the most essential 1 1 
ok on the part of ourselves. A new sense of personal responsibility 
ynal discipline f unselfishness and of service and courtesy 1¢ to anot 
ured 
innot end 1 ecture 1n al Dette way than [ juoting t S$ 
Lord Bishop of Carlisle in the recent debate in the House of yrds 
ink strike at the root of the human side of the problen 
‘ Bad driving or dangerous driving is social immorality, and a civilized society 
t see that such actions receive the censure they deserve. | believe that, in t! 
tf Christian men, bad driving is a sin against God's creatures—a sin whi 
idds to the suffering, the sorrow and the bereavement of the world 
Ick edgement 
wish to place on record the ready help I have received from my colleas 
Road Research Organization in the preparation of this lecture, and particularly 


Miss G. O Jeffcoate who undertook the task of assembling and checking 





many Statisti 
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Il. SAFETY IN THE AIR 


by 
17R COMMODORE SIR VERNON BROWN, C.B., O.B.1 R 
Late Chief Inspector of Accidents, Ministry of Civil Aviation 


Vonday, tst March, 19 


From the earliest times man has been able to 1 
means of ships and land transport. But he has always long to fly. H 
tried to emulate the birds of the air, the gods, the angels 
even in the sphere of mythology there seem to have beer 


you of one of the earliest I mention the story of Dedalus ar rus. | 
down the ages we hear of King Bladud, who was supposed t 
the eighth century A.D. and to have been the father of S 
King Lear. He was said to have lived at Bath, and thet tt] 
him as follows 
Bathe was by Bladud to perfection 
By necromantic arts to fly he ight 
ls from a tower he thought t ale th 
He brake his neck because he 


Che theory of flight seems to have been tackled s 


time in the fifteenth century, when the great Leonard \ 
studies of bird flight. We know that he attempted to kit 
which, in an excess of zeal, his assistant broke for him—a hi 

At the end of the nineteenth century some degree of suc il iring 
was achieved by Lilienthal, Pilcher, Chanute and others, 1 gh not 
some fatalities, and in 1896 Langley’s small power-drive1 \ 
successfully launched from runners on a house-boat and { for approxir 
one minute. But it was not until 1903 that the Wright brothers first 
powered flight in a machine which could carry a man. Thus altl 
aeroplane was thousands of years behind the sl ip, it was o1 ut eis 
behind the steam ship and about seventy behind the rai ngil 


only lost to the motor-car by about ten years. In fact, it ow 
to the development of the internal combustion engin 
Now what is the obvious and all-important differet t nt 


form of transport and the others? The answer is, of 





dimensional. Where safety is concerned this is verv impo 


I’'wo wars have had a remarkable effect on the rapidity 


(he necessity of achieving superiority over the enemy 

ot the air arm of the fighting forces caused the G nment to 

the country’s best brains in order to design and build at t greatest p 
speed the aircraft, the engines and the mass of essential a1 ry equipr 

that we might survive. ‘The Atlantic was not flown until 1919, but a littl 
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an twenty years later a regular stream of aircraft was flying between Canada 
| this country. I remember flying to Montreal in the autumn of 1944, and that 
it particular trip was, even then, our pilot’s hundredth crossing. 
During the last war the United States went far ahead of us in the development 
transport aircraft, so that in 1946 we found ourselves in the position of having 


convert our war material for civil use. Moreover, at about that time, apart 


ym the then three Corporations, a great number of small charter companies 
ang up. Whatever were the causes it is regrettably true that in the first year 
two after the cessation of hostilities there were too many accidents in this 
intry. Such statistics as were available compared very unfavourably with 
at was going on in the Western Hemisphere, but since then our standards 
ive been tightened up and the flying hours and miles flown have increased 
yrmously. As a result, statistics to-day show far fewer accidents per passenge! 
ile flown by our scheduled and charter companies than ever before. 


undamental qualities necessary in a modern 


Now let us consider what are the 


craft. It must fly at high speed and carry big loads in any part of the world 


lay and by night, and fly in almost any weather conditions. Moreover, it 


ist fulfil these requirements with safety, regularity and comfort. I am sur 


veryone will agree that safety has priority of place, for if the chances ar 


too great that one 1s likely to arrive at one’s destination with a broken limb ot 


not to arrive at all, the fare-paying public will prefer to travel by some otl 


m ifls. 
How, then, can safety be achieved 
The following seem to be the most important factors: airworthiness, crash 
} 
l 


worthiness, airline operation, maintenance and inspection, accident investigation, 


the passing of information amor 


g government departments, designe rs, manu- 
facturers and operators, statistics, and publicity. I will deal briefly with each 
yf these. 
AIRWORTHINES 

This is a term which embraces the many requirements which go towards 
making an aircraft as safe to fly as possible, having regard to the available know 
ledge. Broadly speaking, these requirements cover design, construction and 
performance. The journey from the early military types of the First World Wat 
and those civil aircraft which immediately followed to the large modern transport 
aircraft of to-day is a long one, and the speed at which so much ground has in fact 
been covered makes one wonder if designers ought not to take a short rest to 
give their staffs a chance to catch up with them. To design an aircraft requires 
considerable knowledge of aerodynamics, structures, hvdraulics, electrics and 
pneumatics, and even so, the designer is always dependent on his opposit 
number in the engine world to provide him with a power plant which wil 
make possible the fulfilment of his dreams 

What does all this involve? 

It means that consideration has to be given to overall weight, safety factors 


speed, range and pay-load, structure weight, landing gear strength and taxying 


loads, strength to withstand gust conditions, flap mechanisms, powered controls 
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and heating, th 


for take-off, landing and ditching, and the thousand and on 


which 
} 
equipment. 
Obvious! 
no backslid 
1} 
respons! le 
la 
stipulat 
iircratt tre 
It is 
many. That 


capable of 


the 


m 


go to make up the complex whole. To that s! 


y standards must 


Ing 
( ivil 


tor 
oO 
I 


the 


aviation 


requireme nts o 


drawing-board stage 


be added the power plant and engine accessories 


be set and mean; 


It is the Air Registration Board 


‘his is an organization set up by Parliament to 


technical matt 
Civil Code but 1 


in 
f the 


until it ulti 


ften said that regulations are unnecess 


is, of course, nonsense. ‘There must 
enforcement. In dealing with so compli 


there is bound to be a lot of them. It simply ( 


tried to lay down requirements aimed at a uniform minin 


and I believe it has succeeded and that it is doit 


that our standards compare favourably with tl 


{ he e\ ide nce 


of this is reflected in the statistics, 


to faulty design or construction are a very low pet 


I do not 


know 


CRASHWORTHINI 


who coined this word but I thi 


speaking, it refers to the provision of protection 


a crash. I have already said that the proportion « 


defects is small. I believe that short of trying 


collisio 


the 


rorese¢ able 


n and 


fiving 


int 


improvements at 


. 1 
» mountains Kir 


pre sent. 


But a lot can still be done to save people ft 


kind of acc 


ident, 


by 


which 


1 mean over- and ur 


ditching and the low speed, survivable kind of 


by fire. Ple 


ise 


do not misunderstand me. A great 


in such respects and crashworthiness problems 


For exampl 


if they 


e, means of preventing fires, and of det 


unfortunately do occur, 


are the subject o 


development. But one must not be blind to the fact tl 


the destruction on impact of an aircraft’s fu 


] 


tanks 


even thousands of gallons of highly inflammable fu 


sprayed on to red hot exhausts or jet tail pipes, is a 


overcome. But a major fire can only occur if a larg 


fuel is released and this can hardly happen unless 


broke n 


I can do no more than suggest that whatever kind of tank 


capable of 


withstanding 


high 


impact | 


unnecessarily vulnerable position and ought to be as 


1 


the 


The evaluation of integral and bag tanks is 


loads, shoul 
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a 


far 


no 
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known sources of ignition. Moreover, it should not have an array of pipelines, 


imps and excrescences on the underside where crash impact is most likely to 
ise damage or total disruption. 
Next I must mention the much discussed controversial question ot backward 


ing seats. There is ample evidence that in crash landings head injuries at 


e most frequent causes of death or serious injurv. Now the human frame can 


tand a lot of g, and I would like to think that if, sav, 20 g is sustained 
the aeroplane and the safety factor of the seats shall be able to withstand thi 


the structul 


cause | am pretty sure most people can do so if only they are adequately 
tected. 

Obviously the extent and nature of injury must depend on whether the s 

1 safety belt remain intact and the extent of damage to the aircraft itselt 


Ina straight crash one’s body will be projected into whatever lies ahead and 


unl SS 
it and belt hold serious injury may result. Even if they do not give way the 
ad and abdomen may suffer. According to Mr. de Haven of the Crash Injur 
Research Medical College at Cornell University people can survive 40 g with 
vy a belt. Nevertheless, the provision of an adequate belt or harness for 
mall children or for people of abnormal shapes and sizes raises a lot of difficult 
rroblems, and I am certain that if seats were constructed to withstand at least 
, and if in addition they faced backwards and were provided with adequat 
ad, back and leg, protection, the mortality figure would, in the cas 
irvivable accidents, be reduced to an almost negligible quantity. I teel very 
rongly about this and recommend anyone interested in the subject to read 
Mr. Hardingham’s short paper, ‘Can chances of survival be increased?’ which 
is printed in the R.Ae.S. Journal in July, 1948. 
On January 2oth this year a Royal Air Force Valetta crashed shortly after 
ke-off from a service station in the West Country. Figure 1 shows a picture of 


e wrecked aircraft. Of the five crew members one was killed and three seriously 
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injured. But of the eight passengers, who included two children aged fo 
five respectively, five were unhurt and three suffered minor injuries 
all sitting in backward facing seats. 

And now a few words about ditching: If it should be n sary to 
the sea, it is important that an aircraft should float for sufficient tir 
for evacuation of its occupants into boats or dinghies whi V1 1 
chance of survival. Therefore, the aircraft should be a reasonably good 
the exits should be adequate and evacuation drill should | xplained to 
and simple to carry out. Life jackets must be easy to put on and inflate, 


life-saving craft should be of a kind to give protection and sot legt 
and, of course, be equipped with food, water and medical supplies, rad 
navigational aids. 


Some time ago the Air Registration Board carried out tests to determi 


effect of briefing as to the way to put on and inflate life-saving jackets. | 
that the results showed that the time factor alone might meat tt 
between saving and losing lives and produced ampl ider t 
assertion that given the proper equipment and with good tear k tl 
not normally be anv drownings, but that passengers must lv 
life-jackets are stowed and shown how to put them o1 \ ou 
I repeat, should not—be left to find out for thems« s 
already arisen. 

I submit it is nonsense to say that reference to such matt 
One goes through all this in a ship so why not in an aer 
is so much greater and where speed of action is so im} 
many people for their reactions to a talk on or demonstrat this 
life-saving drill, and have never yet been told that it m them 1 
the contrary, many have assured me that it gave them conf 

\nother important item under this heading is emergen 
of course, just as important for ground as for sea acuat Ar 
if it cannot easily be opened, if it is too small for a pass nor! 
to use, and if on getting out of it one has to drop 20 feet I ni t 
hard ground or into the sea with a good chance of breaking imb in t 
or being lost in the latter case. Moreover, exits must 
they will not jam owing to fuselage distortion. | suggest t it 
is time that a standard method of opening were accepted. Aft 
that any passenger shall be able to open the door in an e1 ney and p 
in the dark should no member of the crew 

AIRLINE OPERA 

It is very difficult to deal with such a wide subject in t paragrap 
as I only want to high-light a few particular matters I w try and do so 
briefly. To begin with, a company must, of course, obtain permission { 
from the Ministry of ‘Transport and Civil Aviation. It l, natur 
buy approved aircraft of the kind wanted for its particular purpos« 
have its pilots, its navigators, its engineers and its radio operators 




































25TH MAY 1954 SAFETY IN TRANSPORT 


its ground staff, and all those people will be properly qualified as required by 


gulation. That means that they will have had a good training, be physically 


t and in respect of certain crew members have had adequate route experience 
\loreover, it is customary in all well-run concerns to carry out check tests fron 
ie to time. 
Before a flight takes place weather information for the route must be obtained 


uircraft loaded, and its weight and the position of the centre of gravity 
mputed. Where maximum pay-loads are of such obvious importance, th 
eighing and finding of the centre of gravity are done with a very great degr« 


accuracy. Finally, the flight plan is prepared, the radio and navigational 


is for the route are studied as well as landing facilities at any intended port 
f call. Those, I think, are the most important points and I would add that should 
appear to the Ministry that an operator is not functioning as a responsible 
ganization ought, its permit may be withdrawn. ‘There are very adequat 


t 


»y the airport officials unless the regulations about 


safeguards against the employment of unlicensed aircrew. Moreover, permission 
| 


take off is withheld 


filing of a flight plan and other such documents have been met, and 


ym the time of take-off until the moment of landing the advice available to 


pilot and the assistance given to him are quite astonishing. The standard of our 


teorological services and of the operation officials in the control tower o1 


the ground controlled approach van is very high indeed, and their devotior 


» duty deserves a special mention which, now that I am in an entirely unofficial 


sition, I am glad to be able to give. 
lo anyone who has the time and who has never done so I recommend a visit 


London Airport, or indeed to any other airport, and feel sure that th 
yntidence of those who are nervous of air travel will be greatly increased therel 


see how an aircraft is controlled throughout its journey and then from man 


les away led to its destination and in conditions of bad visibility talked dow1 


brought down by one of the many other means available, with or without 


remarkable modern lighting facilities, will be a revelation to anyone who 


gnorant of these matters 


MAINTENANCE AND INSPECTION 


Except for the annual renewal of the certificate of airworthiness a periodic: 


} 


xamination of a privately owned aeroplane by a licensed engineer is not 


1 


andatory. But approved maintenance schedules must be adhered to in respect 


f any aircraft plying for hire or reward. ‘This means that they must be properly 


\aintained by qualified engineers. ‘These engineers are examined and licensed 


y the Air Registration Board on behalf of the Ministry of Transport and Civi 
\viation. The Society of Licensed Aircraft Engineers is an organization which 
takes itself very seriously and which has earned the respect of the whole aero 


iutical fraternity. It has recently established a system of examinations fe 


.embership of a very high standard, and 1 can say that, for my ow1 

part, whenever I travel by air I am happy to know that the aircraft has beer 
9 3 1 

oked after by members of the S.L.A.E. 














JOURNAI ROYAL SOCIETY F ARTS 


ACCIDENT INVESTIGAT 


Without knowing why an accident or incident irs I t il 
to prevent a recurrence. ‘Therefore there should be a cat 
every untoward event. It was this accepted view that, as fat 192 
the establishment in this country of an Accident Investigation Brat 


lecided that its head should be directly responsil 


concerned with civil aviation in order that he might be a 
fear or favour. Apart from any inquiries such an organi 
tor, or advice it may be asked to give to, the Fighting Ser 


lying accidents in orde: 


tigate civil f 


to carry out his responsibilities to Parliament at 


Compared with a ship or a railway train, an roplar 
construction which of necessity contains a lot of intlamr t 
particular, fuel, lubricating and hydraulic oils 
devices connected with electrics, hydraulics, pneumatics ar 
Air Registration Board’s performance standards it must to t 


land within the length of the runway it is int 


obstacles within the precincts of that runway as S al 

route. Moreover, allowance must be made for a baulked tal 
failure during take-off, especially if safety speed has not 
trouble occurs. With the increase of landing and take-off sp: 


has, of course, become more and more complicated. On air! thous 


teet above sea level and in countries where tropical temperatu! 


such regulations are, therefore, of great importa 


The human element 


In investigating an accident, it will be understood that t stior 
fatigue may be significant and that one may have to cons 
class of aircraft the possibility of psychological causes asso 
ventilation, noise, vibration, temperature, lack of sleep 1 poi 
colds, domestic worry, etc., any of which may affect tl 
audible and visible warnings. 


} 


Finding the true cause of an accident is often ry difficult. Ger 


not enough to say there was an error by someone—or as I read some ye 


as the finding in an accident inquiry report, ‘What goes up must com 
One must try to find out why an error was made. It mav well be that the st 
of human engineering can help by finding out the limits to wl an indi 
can be expected to go in an emergency in making use of what tl lesign« 
given him. Dr. Ross McFarland of the Harvard School of Public Health sugg 


recently in a paper entitled Objectives of Human Engineering that d 
must not assume that the pilot is always at peak efficiency and that they 
bear in mind constantly the limitations of the older men so that this group 
not be called upon to perform beyond their abilities in handling new ait 


types 


Li 
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But accidents can be of different kinds. As well as the breakdown of the humat 
nent thev may be due to weather conditions, to taulty design, to mus 


ynstruction or to bad maintenance. 


tne 


\n aircraft may encounter storms, sometimes accompanied by turbule 


| a kind to give rise to severe buffeting. It may also meet with conditions 


ail. icing, snow or fog. Figure 2 shows damage by hail stones to the nosecay 





in aircraft. It may also be struck by lightning. ‘The normal effect of this 


1at small holes are blown in an extremity such as a wing tip or aileron sh 


is gives a rather frightening picture, but one cannot ignore weatn 
rds when flight safetv is being considered. Let me assure you at once that 
sugh accidents have been caused by loss of control in some of the conditi 

ave just mentioned, I cannot honestly say I know of a single fatal lightnu 


ike. Glazed ice 1s rare and early warning of such phenomena ts usually give! 


g is such that visibility is reduced to what is below the operator's minim 
liversion is always offered or advice given to a pilot to return to base before 


point of no return’ is reached. 





FIGURE 2 


Vaterial 
It might be thought that in the case of a high-speed crash examinatio 
ff the wreckage cannot possibly produce any evidence of value. In fact 


ireful and systeiaatic examination frequently yields remarkable resul 
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Figure 3, for example, shows a hole from which the bits and pieces 
aeroplane were dug from a depth of well over 35 feet, and in Figure 4 
seen the overheated ball race which caused engine failure and subsequ 
resulting in loss of control and the final crash. 
Now, as most of you know, during the failure of a metal structure th 
is deformed before it yields and when it does finally yield idenc 
deformation usually remains. Fatigue failure in a propeller blade mig 
+} 


revealed by deformation arcs built up from the s 





of failure of rivets can also be important and it sh¢ 





to determine the direction of movement of the ad 
wood is of little importance nowadays it is still 
the direction of failure of a particular member; the differ 
and a compression failure in timber can usually be recogni 

It has to be learnt by experience what certain marks on t rceraft 
indicate. For instance, the damage which can be caused | bird striki 
leading edge of a wing, or the heavy damage caused to the | ng edg 
tailplane as the result of its being struck by a dinghy bottle after t I 
release of the life-saving craft, are distinct and can be identifi 

If an aeroplane wing breaks up in the air—a very rare occurrenc 
aviation I am glad to say—it is important to know the direction of 


his may be determined in several ways. Smear marks, for instance: 








FIGURE 3 
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FIGURE 4 


] 


pportunity has been afforded for expert examination. ‘The removal of 


f wreckage may well ruin all chances of successfully finding the cause 


iccident. 


vhite plastic material was a portion of the nose of an experimental aircraft 


1 


oke up in the air during test. You will see embedded in it a small piec 





idence of a primary or secondary failure. In one case, a mark which extended 

ross both portions of an aileron showed that it was caused when the wo 
surfaces Were still mated together and that the surtace had be 1 stru | 

mething before the break occurred. 

From these pictures you will understand the importance of careful wreckag 


kamination—not only on the spot but, if necessary, later under laboratory 
mnditions. That is why the Inspectorate of Aircraft Accidents is so desperat 


en that the wreckage of a crashed aeroplane should be left intact until 


Figure 5 is a good illustration of what I am trying to emphasize. ‘This pi 
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‘This was only about 4 inches long and was discovered to 
tl blades of the wooden propeller. The fact that it was 
Was a strong indication that the propeller had failed before tl fr 
was subsequently proved to have been the case. This pic 
more than three miles away from the main wreckage and it wa rtunat 
tinder marked the spot and covered the piece over vith le 
Sometimes people find parts like this and throw them 

] 


still, take them home as souvenirs. 


Careful examination of wreckage can produce valuable ler I 
case the remains of a control column were discovere 
aileron locking pin was fired into its hole in the steel 
casing had been destroyed by fire showed that the pilot 
ailerons locked. 

Accidents attributable to bad maintenance are ver 
been some due to this but the majority have fallen into tl 
in which, as I have already said, aircraft need not be maint 
In one case the flying cable of a home-made sailplane br 
Because its constructor did not know how to make a spli 
the cable with a piece of bell wire. Actually, the cau 
was his inability to tighten it properly, so that tl 
to fail at the eyelet. The drawing showed that 20 cwt 
| 


uscd 


but it was found on test that this piece of cable failed 
4°6 cwt. Further inquiry revealed that it was indeed 1 
length of washing line bought at the local ironr 

In the fuel tank of another privately owned 
which had become detached from the tank cap and 


immersion in the water in the wet petrol, a heap of 





clip, which had at some time broken loose and fallen in, were 1 1. Figure ¢ 
illustrates how bad maintenance caused an accident which unt 
in the deaths of thirteen people. It is a photograph of thi pressur 
one of the engines of this four-engined aircraft. It was so cl 


that it had already begun to collapse. This was not an Engli 


THE PASSING OF INFORMATION AMONG GOVERNME)> 


MANUFACTURERS AND OPI 


> 


This is very important. I divide it into two categories the report 
every accident and incident, and the passing on of the 1 t n tl 
may seem to be only of local interest: and, (2) the disseminat 1 of t 
information. Under the first of these headings here is a quotation f 
report by the Flight Safetv Division of a certain military command 


One aircraft, during take-off, required a ground run of rl f 


— ai 
before becoming airborne on the runway overrun. The tak ff distance | 
been computed as 5,500 feet. The cause of this near accident was the re 
of the control tower operator erroneously reporting a no-wit 


in actuality a ro knot tail wind existed. 
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Immediate action was taker 
ofa 


ne recurrence similar s 


Once again the incident rep 
basis for command-wide 
easures and to date there } 
peat performance. In the f 
f this nature went unreport 
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ee t ] 
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ting experience Dut fal 
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f disciplinary ti 
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In the other category | 
wing | the head of a1 
tr nt of service troubl 

Also occasionally one mee 
construction wl 
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ry obvious case. You n 
is necessarv to have the eng 
During operation this blower 
itch system. Origir tl 
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ictor 1S returning to a re 
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» understand reticence on tl 
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purely personal reasons cou 


od in this respect, for in the 


langer it was agreed that knowledge of this k 


t was, 
Civil Aviation, the 
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But statistics must be accurate and must not be bas« 


small to be realistic. Statistics can be very he Ipful technically 
in the hands of those who do not understand ther 


Generally, numbers of accidents or numbers of fatalities 


passenger miles or to revenue aircraft miles. ‘Thus one learns that in 
Kingdom in 1950 the passenger miles flown per passenger ki if 
which means that 23,600 miles were flown per | ng 

you can have it that there were 0-045 fatal accidents pe: 

or that the passengers killed per 100,000, passenger miles ( 
like, it can be shown that the stage flights per fatal ident 

For my part, I think the most realistic picture is that 22 


were flown per fatal accident. 


' a ——— » aay 


r 








ACCIDENTS PER MILLION AIRCRAFT- MILES 








| 
ass 1940 ss 5; o i om 
YEAR 
FIGURE 7 
According to Mr. Masefield of British European Airways, ‘Anyor 
almost roo per cent safe during the normal span of life—except for acts of G 


such as earthquake, lightning, tempest, pestilence, famine and flood—so 
as he remains entirely static and earthbound. Equally obviously an element 
but only an element—of risk is introduced when he takes the air’. I be 
when Mr. Masefield used these words he had in mind that it was said tl 
the United States in 1947 more people were kicked to death by donkeys t 


were killed in air transport. 





+ 


I have tried to obtain some statistical evidence as to which zs the safest 
transport, but there are so many variables that no comparison seems possi 
As to whether it is safer to travel by road, sea, rail or air I can only say y 
guess is as good as mine. Anyhow, in respect of air travel both in the Stat 
well as in the United Kingdom, Figure 7 gives a picture which I think will gi 
you confidence. It shows the accident rate trend, and I am grateful to Mr. ‘] 
of the Air Registration Board for allowing me to make use of it. You w 
that our American friends had about seven years’ start of us and that we | 
taken about ten years to catch up with them 


> 


c? 
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PUBLICITY 


In so far as publicity may s to keep designers, manufacturers and op t 
their toes it can serve a useful purpose, but ¢ ympared with other fort 
nsport the aet plane does often seem to be at disadvantage \ dist t 
ture of airline safety 1S likely to shake P thlic conn lence, and I d sugg 
it the too well-illustrated front page news of an aircraft accident sol! til 
Its in a disservice to aviation generally and to British Civil Aviation 
ticular 


ONCLUSION 


nave spoken about accidents caused by failur« 


§ the } 


se due to weather, defective materials and poor maintenance. I have ret 
iirworthiness, crashworthiness and to airline operation, statistics and publicit 
it you will want to know what is being done to overcome the hazards of flying 


he Ministry of ‘Transport and Civil Aviation has a permanent representati 
the International Civil Aviation Organization in Montreal who watches 
United Kingdom’s interests in the international field of civil aviatior 


ticularly when standards and recommended practices are discussed. At hor 


has the help and advice of the Air Registration Board. Arising out of I.C.A.O 


presentation and the activities of the Air Registration Board and fron I 


ideration of accident reports, the Ministry from time to time makes su 
gulations as seem necessary towards safer flying 


There is a close liaison between the ministries in order that valu 


nformation obtained from the experience of the fighting services and civi 


viation shall be pooled, so tar, of course, as security makes this possible I} 


ita is made available to the Society of British Aircraft Constructors who car 


pass it on to the designers and manufacturers. What is perhaps even mot 


) 


nportant is that the experimental establishments, and particularly the R 
\ircraft Establishment at Farnborough, are available to everybody for advi 
ind guidance. Airworthiness is of a high order and crashworthiness is give! 
its relative importance, and in respect of our pilots, our crew and our ground 
tatfs, our operational and maintenance engineering staffs, our meteorological 
rvices and those concerned with air traffic control and the operation 
ivigational aids, I doubt if their training and their overall efficiency can be 
bettered in any other country 

Moreover, our two airline corporations have their own safety committees 
vhose duty is to investigate thoroughly every incident and accident whiclt 
ippens in their respective organizations. 

\ll this is surely very encouraging and, to end, can I give greater assuranc: 
than to say that, in spite of what I know as the result of fifteen years’ work 


onnected with the unfortunate side of aviation, I still use the acroplane as a means 


‘f transport when it is convenient to do so? 


a 
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Hil. SAFETY ON THE RAILWAYS 
by 
LIEUT.-COLONEL G. R. S. WILSON, C.B.1 


Chief Inspecting Officer of Ratlways, Minist f Trap 
Vonday, 8th Ma 


1 am going to tell you a littl this evenin 
methods which underlie the high standart 


ra 1 to-day. The standar 


» speak mainly of the Britis! 
principles, not because thev are the only vO 
familiar with them. I should also mention that | 
been developed to cope with the densest t 
( ption of that in Belgium. 

I will not make comparisons with other 


ind circumstances of which are so different, 


few—broad figures, so that the publ 
serious railway accident may be viewed in its t ' I 
ymcern when a serious accident occurs 1s 
ife journey by rail has come to be taken 
of what may be a heavy casualty roll is parti 
In the seven post-war years 1946-1952 331 passeng 
iccidents involving trains in Great Britain, it 


disastrous double collision at Harrow in 1952 





1 the seven vears was between 11 and 12 
miles were more than 180 thousand millior 
fatality for every 35 million passenger journe\ nd one { S44 
passenger miles; if, therefore, you travel by rail t 
p! ybably be killed before you are 23 thou 
would say, least of all the railways themsel tt 
should not be improved. 

When you come to think of it, the standart 
be very high. Track, signalling and rolling stock, I 
a specially trained and disciplined staff who a rganiz 
and are controlled and guided bv stringent rul nd lor 
traditions. Railway trains run on a private fer 1 tra 


t 


of a railway and its equipment lends itself to the provision 
of all kinds. 
GOVERNMENT REGULATI 


Ithough the responsibility for safety of operation must 


management, most governments exercise some 1 gree of supervision ot 


safety. In Great Britain, the Railway Inspectorate of the Ministry of 
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Civil Aviation has exercised statutory supervision of railway safety for the 
114 years. ‘The Inspectorate was first established in 1840 u r the B d 
(rade, and was transferred to the Ministry of ‘Transport wh t 
partment was formed in 1919. The duties, responsibilities ley 
the Inspect pratt were not hanged whet the railways were nationaliz 
1940, a 1 the past Acts aff safety are applied to ie British Tr ST 
mission, just as they we » the former companies. Indeed the | iple 
me hods ot he | spe ite rd the yeneral tori ot their rep Ss ive 
ged itt] since t earl aays 
adly our work falls under two main heads: inspection of new works o1 
ssenger lines, as a preliminary to the Minister's statutory approv ind 
nt investigation. ‘The inspection work, which never comes into the public 
is very important and confirms the fact that railway construction, i 
ts affecting safety, is up to the best standards of the day. Thess co ed 
published document entitled Requirement f the Minister of Transport 
Passe neer 1 LPle a) d Re INE? dations ] ; ( as i] ines l n Re {ure ment 
( first issued mn very simple form in 18s8 and _ have Deel rev! l 
lically as technique has developed, latterly in close consultation with tl 
s. The last revision in 1950 was particularly thorough as there had bs 
progress in signalling since the last issue in 1928 
(hese government requirements are nothing like an elaborate treatise on 
vay engineering and signalling practice. Important basic standards 
ribed, and much dis tion is left to the responsible engineers in giving 
t to them. Provision is made for relaxation of the requirements at th 
tion of the inspecting ofhcer to meet special conditions. Once new worl 
been approved the Minister has no jurisdiction over their maintenanc 


which the responsibility rests with the railways. Nor has he any jurisdiction 





construction of rolling stock, except on tube lines, or over th 
ialifications of the operating staff. 
Our train accident investigation procedure is based on the reports which th 

vays are obliged to furnish to the Minister on practically every accident on 


affecting a passenger line; certain mechanical failures also have to be reported 
(he average number of accidents reported yearly for the seven years 1946-1952 


vas 1,253 and the figure for 1952 was 1,243, including 416 collisions and 21 





railments. ‘he great majority of the accidents reported are minor cases, and 


mly a small proportion find their way into the newspapers. 


lhe accident reports are examined by an inspecting officer, and where necessary 


ller information is obtained and sometimes the railway officers are a 





liscuss remedial measures with the inspecting officers. Formal inquiries are 
held into the more serious accidents and almost always when a passenger is 
killed, but inquiries are often held where there have been no personal injuri 

if the circumstances warrant a detailed investigation and published report. ‘The 
decision to hold an inquiry into any particular accident generally rests with myself, 
and in recent times fifteen to eighteen inquiries have been held annually by the 


four inspecting officers. ‘The reports of these inquiries have to be published under 
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on sale by the Stationery Office 
law, but the effect of a thoroug! 
railway officers usually results in t 
0-ope ration of a fre sponsibl 
the pursuit of a common ob 
between the inspecting officers at 
narked by great mutual contiden: 
tions goes on behind the sce 
employment imspectors, wh 
railway servants, every one of 
involves more than three days 
ts on individual accidents, the safet 
hensively with full statistics in a publis 
ting Othcer. 


Railway safety in 1874 


We have copies of all the inspection and a 
de since we began our work in 1840, tog 
documents on the subject of railway satety. 
Society's Journal dated 22nd May, 1874, conta 


+) 


, Captain H. W. Tyler, on ‘Simpli 


nd Efficiency in the Working of the Rail 


Engineer, as indeed have been all the inspectit 


Ihe intrinsic safety of railway travel had 
day. In the seven years 1868 to 1874 one passen 
passenger journeys, which compares with tl 
told you was the ratio for the seven v 
intervening eighty vears has thus been m 
ease of something like 50 per cent in tt 
improvement has been due almost entirely 
safeguards. 
In 1874, however, the inspecting officers of th 


satisfied that the comparatively simple technical s 


being applied as widely as they should have been. The main 


paper was that the task of the men should be made as simp! 
stated that simplicity in working might often requir 

and he went on to advocate in no uncertain term 

block telegraph working and the interlocking of px 

of the many companies were exemplary in this 

opposed the view of the inspecting officers, holdin 


discipline of the staff would suffer if their work 


led ‘Tyler to launch a strong attack in his paper on som« 


personalities of the day, but the discussion was postpon 


say that I have no record of it, if it ever took place. I can 
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1 1 
ti 


the principle t 
1 has long bee 


islation, howeve 


se principles and 


after pt 


propose 
} 


iras, 


whi 


be caused b genu ak n the part 


rather than 
Ss to prove SO tal 
se safeguards hay row ym the first two 1 


absolute block wo iar 1 interlo« king, and 


braking characteri s of tl rains which are co 
he Act. | will therefore go on to a brief description of the 


kes, and I will then sav something about 


ntioning derailment 
Lhe purpose of railway 
the greatest possible treed onsistent 
or less elaborate signalling on a railwav arise 
ich is set to the braking power of a train by the comparativel 


friction between a steel tyre and a steel rail. With the best of mod 


team passenger tri inn ll up from 6 


s than 6 

speed, and at go m.p.h., which is about the maximum speed gene 
ay be more than three quarters of a mile. Multiple unit electric tr: 
rather better, but their stopping distances are of the same order. | 


possible, therefore, for trains to run at sight like motor vehicles o1 


ck system—double lines 


[he necessary interval of space between succeeding trains is maintained | 
block system, which became possible with the invention of the electric tel 
raph in the 1840s. Before that, trains were worked by time interval, and it 
not difficult to imagine the risks under this system. Unpunctuality and variation 

tween station clocks was a direct source of danger. 
Under the absolute block system the line is divided into sections by signal 


yxxes or block posts, and only one train is allowed to be in a particular section 
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at any one time. Each block post is equipped with block instruments 
really quite a simple form of telegraph apparatus. Modern blo instr 
have three indications, namely Line Blocked, the normal 
trains are about, Line Clear and Train on Line 

Imagine that a signalman wishes to send a train forward and t 


for the forward section is at Line Blocked. He must then 





next forward box tor Line Clear by a specified bell code; tl 
the train forward. The forward signalman, if he has seen tl 
has passed him complete, and has gone a specified dist 
of a mile, beyond his first stop signal, can ‘accept’ the tr 
setting the block instrument in the rear box to the Line ( 
is repeated on his own instrument for the rear 

Until this is done the rear signalman is not all t 

, 


signal to admit the train to the section. When t 


to the forward signalmen by another bell 


on which the forward signalman changes the rear mat i 
on Line, Vhis indication appears simultan 

and the forward signalman must on no account rest 
3locked and send back the Train out of Section | nt 
him and he has seen its tail lamp disappear to verify that 


has broken away and been left behind in mid s« 


lhe railways operate the block system under t 

provide for all types of situations, inc ing 

a general rule two trains are not accepted simultar isly t 

unless the fouling point of the junction is protect 

than 440 yards apart. The regulations also lay down th« tion t 
in many kinds of emergency such as trains running past 

which have become divided, trains which are seen to hav 

them, and the signalman is also told what he s ild do if 


without a tail lamp. 


Block system single lines 


What I have said so far applies to double lit here t 
in the same direction on a particular track. Where trains run 
on a single line special precautions have to be taken to prevent id-on 
which of course may have very serious consequences. WI 
methods have generally been adopted in this country. Bef nters a 


line section a driver must have in his possession an object, or token, u 
metal tablet or staff inscribed with the names of the stations at ea 

tokens are kept in magazines forming part of special block instrum 

signal boxes, and the pair of instruments for a section are electrically int 
through the lineside wires in such a way that a signalman cannot withdra 
token until he has received Line Clear. The interlocking also ensures that 
a token has been withdrawn from either end no further token is 


unless the first token has been replaced in one of the instruments; the tokens 
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] ‘ 


instrument locking gear for a particular section are so tormed that a Ken 





ne section cannot be put into the instruments ot another 


Possession ot the token thus guarantees that no other train ts in the sect! 
r moving in the same or in the opposite direction. ‘he psychological ettect 
he token system has been so good that collisions on British single lines hay 
exceptionally rar 
nals and interlocking 
{ will now savy a few words about the signals themselves and menta 
locking. Even small wavside stations in this country generally have at least 
st p signals tor each direction, a Home signal at the approach to the station 
tect trains standing or shunting there—and a starting signal at the forward 
to control the entrance to the block section eyond Even at moderat 
ls in clear weather it is often impossible for a train to stop within t sighting 
nce of a signal, and it is therefore necessary to provide a cautionary 
int signal at braking distance from the first stop signal of a statiot istant 
Is are distinguished by vellow painted fish-tailed arms. ‘They show « 
when the succeeding stop signals have been cleared for a train to ru 
yugh the station into the section ahead; the caution indication can be passed 
equires a prompt reduction of speed to enable the train to stop at the hor 
lif required. The distant signal is thus a very important one in high speed 
ing. Signals can also indicate the direction to be taken by a train at diverging 
cing junctions ar in addition to these running signals, shunting sig 
provided (generally low down on the ground) to control slow sp 
nts through crossovers and other points 
lhe interlocking of point and signal levers to prevent inadvertent t I S 
required by the Board of ‘Trade Requirements for new work n ‘| 
but not retrospectively, and much in this direction still remained to | 
lhe provisions of the Reguirements on interlocking are not so very different 
and I will quote a few lines from them in illustration of the principles 
ich are now universally applie« 
Point at yt ‘ nterlocke tl na I 
ignal for the movement of a train unless he has set the ports 1n the prope 
position for it to pass, and bolted them as necessary; that it shall not be | 
for him to clear at one and tl ame time any tw nals, whicl 
collision between two tratr I that after ha g cleared t ut 
illow a train to pa he shall not be able to move any point nnect 
leading to the line on which the train is movu intil the sigr | 
een replaced. Points als where practicable, to be so interlocke« 
e risk of a collisior 
Distant signal levers to be nterlocked that they cannot be }{ ‘ nt 
the levers of all related St p nals have been pl lle 





You will note the reference to bolting of points. ‘The Requirements lay down 
at all facing or diverging points must be bolted, so that they cannot shift and 
1use a derailment. The bolt is generally worked by a separate lever and the act 


a long bar from alongside the rail, so that it is 


bolting or unbolting raises 
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impossible to cause a derailment by unbolting a 
passing over them. 


lhe levers at signal boxes are concentrated in 


locking I 


boxes and in the earlier power boxes with miniatut 





mechanical, but in the more recent large power 


sign 
lly. Lever interlocking is of course univers 


still room for differences of opinion in its detail 
made too re 


IDNIt 
appil 


strictive freedom of movement may suffer wit! 


Vodern signalling controls 


The simple form of block working which I hay 
interlocking, in the hands of skilled and conscientio 
high degree of security and is still in use with littl 
lines where the pressure of traffic is not too se\ 
for human error, and cases have occurred 
‘cleared the block’ under the impression or 
passed him, when in fact it has broken down in 
cleared the block and accepted a train when a previ 
his home signal out of his clear view has been for; 
engine which is standing on the running line, pet 
ment, may be forgotten and the signals protectit 

I should mention however that the railway 1 
of a train or engine detained on a running line t 
to remind the signalman of its presence. ‘This 1 
if a train is stopped for any reason in mid secti 
for three quarters of a mile to protect it by 
case there is a breakdown in block working, 

Indeed wherever possible railway 
igainst the consequences of huma 
known to lower the starting signal to admit 
om the box ahead, or have even omitt 


train has passc d. 


a 
There is more likelihood of mistakes and 
er closely on busy lines or at com 
several trains on hand at once, es 


Dp 
ls the end of the last century it was 
simple block working was required for 
efhcient systems were devised for 
signal levers. 
lock and block systems had becom« 
rly Igoos. ‘They have contributed mu 


11 


till quite extensive though declining 1 


by modern standards, but the same principles | 


modern Alock controls, which are in use in on 
important main lines. 
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[he latest methods of co-ordinating the working of the signals and block 


iments were included in the Reguirements tor the first time in 1950, and 





are based on lessons learned trom past accidents. (mong the methods 
mmended are the release of the starting signal, for one operatio ynly 
acceptance of the train from the box in advance; the prevention of 


icceptance unless the first stop signal at this box is at Danger and the 
tant signal at Caution; the interlocking of successive Stop signals worked 
same box so as to ensure that none can be cleared unless the next ahead 
Danger; and the provision of a Home berth track circuit, which when 

1 exhibits and maintains the T7'rain on Line indication on the block 


rument of the box in rear. Finally there is the control which 


prevents the 
ptance of a train unless the previous train has passed through the block 
tion and has occupied and cleared a track circuit at the forward end. This is 


vn as the ‘Welwyn’ control, as it was introduced after a serious collision 
Welwyn Garden City in 1925 
circuits 


[ would draw your special attention to the two references to track circuit 


track circuit which was pe rfected about fifty vears ag iter much 


riment, 1s the basis of modern signalling and enables the trains to take a hand 
their own protection 
\ section of the track, varying perhaps from 20 or 20 vards to thre juarters 
ile or more, is insulated at the rail joints from adjoining sections, and 
voltage current is passed continually through the rails to hold closed the 
tacts of a relay or electrically operated switch; wooden sleepers generally 
le quite sufficient insulation betwee1 the ends. A train on the s ction short 
lits the current through the wheels and axles and the relay opens its contacts 
» not think it is difficult to see that bv a succession of relavs and interconnected 
trical circuits a track circuit may be made to perform many signalling 
tions. One of the most important is to indicate to the signalman the presence 
position of a train, either by a simple indicator in the box sl ing J'rach 
r or Track Occupied, o vhere there are more than a tew track circuit \ 
luminated diagran tl nes on which the position of a train and its 
gress is shown by bulls r strip lights 
| yccupation of a ti circuit also locks the signal or sign n it 
nger and it may also lock points which might lead t nflicting ) t : 
ick circuits are also often used to p nt the unbolting of facing points ut 
in, and in power signalling tallations they can 1 a succession of faci 
ints in the correct position until a trai iS Passt l f them 
ntinuous track circuiting and muilti-aspect signal 
he extent of track circuiting may vary, trom one or two trac ircuits at 
imple wayside layout to remind the signalman of a train t of his 
view, to the complete track circuiting of larg: 1 ce its 





ick circuiting 
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then usually combined with multi-aspect colour lig 
ally controlled by the passage of the trains. Thr 
for cleat red for stop, and yellow wher 
congested areas it is often necessary to spac 
insuthcient braking distance between the vello 
red aspect of the next, and a fourth aspect is the 
inary caution) leading through yellow to the re 
Some British examples of continuous trach 
Liverpool Street to Shenfield, Waterloo to Hampton 
to Brighton, soon to be completed. Nor must 
between Woking and Basingstoke which still oper 
In all of these manual block working is dispens 
the Absolute Block provision of the 1889 Act in t] 
circuit is made, in the words of the Reguiremer 


danger sufficient signals in rear to provide the nec 


Signalling at York 


I must also mention the 48 miles of continu 
York and Darlington where there are four-aspect 
distances required on one of our fastest stret« 
signalling installation at York which was insp« 
1951 is the largest and most elaborate in the w 
and 33 miles of track through 16 station platforn 
complicated series of junctions is controlle 
which the signalmen work entirely by the tra 
any of the trains. ‘This box has replaced no less 
signalmen have turn-button switches to worl 
switch has been turned to clear a signal for a 
all the necessary points move automaticall 
positions betore the signal will finally clear. A 
at any time, but the electrical relay interlocking 
will not allow a signal to change from ri 
order tor them to do so. 

I'he task of the signalmen at York is thus exceedi 
mastered the layout and the traffic movements 
impossible for them to make a dangerous mistake, 
traffic delays. I think that ‘Tyler would have 1 
York installation as the ultimate expression of the 
working achieved by complication of construction. The 
circuits at York are indeed complicated and requiré 
their maintenance—there are nearly 3,000 relays ‘in 


4 miles of wire—but as has always been an invariable prir 


safety equipment they are arranged so that any failure will 


danger; this is 


and will therefore result in delay and not 


Requirements. 





MAY 1954 
ing devices 


signalling installations 
king as intended. One of tl 1 | is the mechanical detection of facing 


to ensurl! that the ground have respond 
vers, Notched slides are prt 1 n I! tl 


) Uric signal Wires which 


ed correctly to 


mnly free to move if cross slid gidly connected to the point blad ire 


cir correct position to the nearest eighth of ar h. Thus if a point blade 


been prevented from closing by a piece of stone ballast or if the point rodding 


ken or out of adjustment, the corresponding signal arm cannot move to 


r. although its lever may have been freed in the frame interlocking by moving 


point lever to its correct position: tacing bolt points are similarly detected 


nsure that they have gone home. Nowadays point detection is often achieved 
trically. 


I lectrical repeaters are provide d in the signal boxes to enable the signalmen 


make sure that signals have responded correctly to their levers, and the 


ng of the distant arms at caution before a train can be accepted is done 
uugh the repeater circuit. Oil-burning signal lights are also repeated ‘in’ or 
it’ by means of thermo-couples. As another example of proving, a colour light 


al is often held at red if the bulb has failed in the red or yellow indication 
the next signal ahead. 
RAILWAY BRAKES 


What I have said so far relates in the main to the task of the signalmen in 


ping trains apart from one another and to the methods which are applied to 


vent signalmen’s mistakes. ‘They have been evolved by a vast amount of 


ention, research and experiment, by the engineers of the railways and 


the railway signalling firms, and in this country the Institution of Railway 


gnal Engineers has contributed a great deal to the advancement of techniqu 


ne of these safeguards, however, can be effective unless the drivers control 


rains in accordance with the signal indications, and this leads me first 
1] 


to tell you something about the working of railway brakes 


In the middle of the last century the only brakes available, even on passenger 
ins, were the engine brake, hand-screw or steam operated, and the hand 


rakes on the vans, and the speed at which trains could be worked in safety 


is severcly limited by the inordinately long stopping distances. It was soon 


ygnized that the maximum braking power could only be developed if every 


el on the train was braked from the engine. After many experiments, which 


luded some with extraordinary contraptions of chains running 


along the 
iin, the historic brake trials at Newark in 1875 which were sponsored by a 


yal Commission, set a seal on the pneumatic methods which are universal 


-day under two distinct systems, namely the vacuum brake, and the compressed 


brake, of which the Westinghouse type is the best known. 


n-automatic brakes 


Both systems have a continuous pipe throughout the train known as the train 


pe, connected between the vehicles by the familiar hose couplings. lhe earlier 
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types of continuous brake were worked on the simple or ‘straight 
With the vacuum system air was exhausted from the train pipe an 
nected brake cylinders on the vehicles by an ejector or put 

apply the brakes and hold them on, and the brakes w 

the vacuum again. With the ‘straight’ air brakes, « 


into the brake cylinders from a reservoir on the engi! 

by a steam pump, and the pressure was released to tak 
arrangement was very simple, and afforded good contr 

disadvantage that all brake power was lost if the trair 


there was a serious leak in the system. 


lutomati hrakes 

Che arrangement was therefore reversed ith some n 
so as to require the maintenance of full vacuum or pr 
to hold the brakes off, and a reduction of 
rele ise 1S effected by restoring the vacuum rr pressur 
recharge the brake reservoirs under the vehicles for tl t applicatioz 
is the automatic brake, automatic in the set that it 


power on both parts of a train which may break apart a1 


brake goes on if there is a leak of any consequence in th 
(he automatic brake also has the advantage that it car apy 
emergency by the guard by means of a simple valve, thoug innot 


again. It also furnishes a convenient means of communicati 


and the driver, as is a statutory obligation in this count: \\ 
munication chain is pulled a small valve is opened to the train pipe at 
applies the brake throughout the train. The consequent drag is felt 
footplate and the reduction in vacuum or pressure is shown on the 
gauge. When this happens, he is required by rule to assume that the ch 
been pulled and to stop the train. 

You will see from the foregoing that the automatic tion of 
fundamental to the safety of railway operation. In the Board of Trade Re 
ments of 1877 special stress was laid on the installation of the continuo 


matic brake on all passenger trains and, as I have mentioned, it was 
compulsory by the 1889 Act. This was a direct result of the Armagh disa 
which an excursion train of 15 vehicles, fitted throughout with the non-aut 
brake, failed to reach the top of asteep gradient. The train was divided to 
it to proceed in two portions, but the rear ten vehicles were not well se 

ran back for 14 miles to Armagh. The runaway vehicles crashed at great 
into a slowly moving passenger train which had left Armagh twenty minut 
the excursion train under the time interval system. The company cor 
was one of the few which were still not working Absolute Block and the Art 


accident also led to its being made compulsory 


Modern improvements 
Railway brake development since those days has consisted mainly of 


ments in detail, some of them to give a quicker response of the train brakes t 
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er’s control valve and so reduce stopping distances and avoid snatches or 


res in a long train. In recent years instantaneous action with great nicety 


yntrol has been obtained on electric trains by using the non-automatic 


ike with electric control, and this is known as the electro-pneumatic or E.P 





hich is universal on the London Transport trains. In case you might 
nk that this was retrograde—and illegal—I would tell you that such trains a 
iriably equipped with the automatic air brake as well 


aum and air brake systen 


(he vacuum brake was standardized for steam hauled trains in this count 
n the railways were grouped into four large companies in 1922, and tl 
in reason was the preponderance of the vacuum equipped lines at that tim 
igh several large companies, notably the North Eastern, the Caledonian and 
North British had standardized on Westinghouse. In North America, the 
1c of George Westinghouse, the air brake is universal and it is also used 
the majority of the Continental railways where the very distinctive | 
Westinghouse pump on the engine is a familiar sound to travellers 
Che driving force of the vacuum brake at the usual 21 inches of vacuum is 
ut I lb. per square inch only, but it can be made to devel »p the same, 
| 


juare inch Or more OT th 


arly the same, braking force as the 70 Ib. per s 
ympressed air brake, but only at the expense of heavier and clumsier equipment 
ider the coaches. Vacuum equipment, however, is simpler and on the whole 
eaper in first cost and maintenance. Both systems are equally reliable and 
iilures of the continuous brake to act have been exceptionally rare. The com 
parative advantages and disadvantages of the two systems are fairly well balanced 
it I cannot help thinking that it is better engineering to do the job with 70 Ib. of 
ressure than 10 lb. of comparatively sluggish ‘suck’. I am not alone in holding 
lis View, and it is possible that if we in this country were starting afresh to-day 
ve should go for the air brake with its more lively response to application and 
ease by the driver. ‘The Westinghouse air brake is the standard for our electric 


trains. 


OBSERVANCE OF SIGNALS 


I have told you a little about the equipment which is designed to prevent 


ignalmen from sending a wrongful message to the drivers through the wayside 


ignals which they control but, as I have said, it is equally important that the 
ignals should be observed, interpreted correctly and obeyed by the drivers 

As one means to this end, drivers are not allowed to be in sole charge on 
particular route until they have learned all its characteristics including the 
cation and meaning of the signals, the gradients and the local speed restrictions 
mposed on account of curvature or for other reasons; if, as sometimes happens, 
a driver has to go forward over a route with which he is not familiar he has to 
have a conductor driver with him, or, in other words, he takes a pilot. 

Every endeavour is also made to locate the signals to give the best possible 
view of them from the footplate, and the modern colour light signal is a great 


improvement on the older semaphores in this respect, especially at night. As it 





JOURNAL OF THE ROYAL SOCIETY OF ARTs 20 


only has to be seen from a train on a particular set of 

narrowly focussed to give great brilliance and penetrati 

especially valuable in mist or fog. Colour lights also enal 

to be greatly simplified at junctions and complicated layouts, and t 
colour light distant signals showing yellow or green which ha been 
extensively in semaphore areas on high speed routes have b 


by the enginemen. 


Jutomatic train control 


Safety, however, still depends on the personal vigilar 
weathers, but it can be reinforced by apparatus to furnish a positive link 
the wayside signals and the footplate, which is genera 
train control. It can take many forms and has a near relatio1 the ex 
costly track and locomotive equipment used on some American rail 
repeat the indication of multi-aspect signals continuously in t ab. A 
train control, however, is by no means universal on Ameri ind ( 


railways, and in this country at present only a comparati 


of the route mileage is so equipped. 


Warning control on main lines 


The view is generally held that the type known as war) nth 





gives an audible warning in the cab and a cancellable bral 
a distant signal is passed at Caution, is best suited to main line cond 
this country. The great value of warning control lies in its a tv t 
the serious type of accident which may result if speed is not 1 lata 
signal—a notable example was the disaster at Harrow—but t pt 
accidents which it can prevent is comparatively small, about per « 
the serious accidents in this country in the last forty years. | 
the panacea for all the risks of train operation, which its rather high-s 
perhaps misleading title may suggest to the less well-inf 

This fact, considered in relation to the cost of 
one of the reasons for the hesitancy of some of the fort British R 
Companies to adopt automatic train control, in spite of strong pressu 
government recommendations. Furthermore, with automati train 
it is a case of all or nothing on long lengths of route, wher ther sig 
safeguards can be applied piecemeal in the course of renewals with 
local advantage to safety and traffic movement 

\ notable exception to this outlook was that of the former Great W 
Railway, and the London Midland and Scottish Railway had ¢ in for wart 
control on a smaller scale. On nationalization in 1948 the principle was ac 
it last that drivers on all the main lines of British Railways should be ¢ 
their share of modern technical aids to safe working, and the British Trans} 
Commission then began to develop apparatus to combine the best featur 


the Great Western contact system and the London Midland and Scottish magr 
non-contact system to meet conditions in all parts of th vuntrv on st 


and electrified lines. 
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\s I expect you know the development of this apparatus has now reached an 
anced stage and is in large scale trial in day-to-day service on the East Coast 

ain line. The trials may have tc go on for some time yet in order to estab] 

very high standard of reliability which is required 


but directly this stage 


reached the Commission propose to extend warning control progressive 


all the more important routes of the country. 
p control on urban electric ratlways 


Another form of automatic train control, namely stop control, is essential to 








ty under the special conditions of the London Transport and other similat 
vays. On the London Transport lines every signal has a trip lever on tl 
ind which engages with and opens a cock on the train pipe to apply the bral 
full force if a signal is passed at danger. ‘The many signals, and the tra 
its controlling them, are so spaced that a train overrunning a signal dang 
be stopped by the trip well clear of a train ahead. This combination of 
fects can only be achieve here all the trains run at practically the sam« 
\derate speed, and on the London ‘Transport lines, which are all continuously 


k circuited with colour light signals, the free movement of closely spa 


ns in great safety has been brought to a fine art if not to an exact sci 


DERAILMENT 


On the question of derailments I should say first of all that the tendency of 


langed railway wheel is to stay on the rails, provided always that the designed 
ight on the wheel is maintained during running within reasonable limits 
1 the proper distribution of weight in running is a very important function 
the design and adjustment of railway vehicle springs which has little or no 


yunterpart on the road. Furthermore, the side control springs of the leading 
gies of locomotives play a very important part in the distribution of the flang 


ressures so that no wheel flange takes an excessive share in guiding an engine 


ind a curve at speed or in keeping it steady on the straight. Much thoug 
s been given to the design of locomotive control springs, backed up 
xperiment and sometimes hitter experience, but scientific analysis of thi 
teraction of the locomotive and the track at speed is a very complex prol 

d we can hardly say that knowledge on the subject is complete. 


} 


he necessity for a strong, stable and well aligned, track with the minimutr 


inequalities of cross level goes without saving, but track maintenance has t 


ntend with all the vagaries of climate and sub-soil conditions, and locomotives 
1 rolling stock have to be designed to adapt themselves to a certain amount of 


juality. Indeed the track and locomotive must be considered as component 
irts of one machine, and the more perfectly designed and maintained is thi 
ne the less perfect can be the other. In industrialized countries the standard of 
track and locomotive design and maintenance is such that speeds of 8 
jo m.p.h. and more can be held in perfect safety, and it is only on the rat 
ccasions when adverse factors combine exceptionally at a critical moment that 


lerailment occurs on plain track. 
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Breakages and failures 


I am not of course speaking of derailments which may 


mechanical or material failures such as the breakage of an axle or a ti 
failure of engine motion work. With the constant necessity to keep f 
bulk down these parts have to be highly stressed and their design, and t 
of which they are made, have been constantly improved by the engineer 
metallurgists in order to minimize the risk of failure in se1 \s 
branches of engineering, the main cause of trouble is the g ing 

flaw which may be started by a tool mark during manufacture or | 
corrosion and, if it is undetected, may continue until 


reduced that the part can no longer withstand its normal stress 
$y good design and workmanship the opportunity for f to 


can be reduced, but they cannot be prevented abs 





depends on their detection in good time by rigorou minatior 
parts during the course of workshop repairs. Flaws in certain positi 
instance in railway axles at the point of high stress where t ire pi 
the wheel, are extremely difficult to detect visually or by magnet I t | 
in the last few years periodical testing by methods using ultra-soni 
has met with marked success, and carriage axle failures, whi 
source of anxiety, have now been reduced in this country t I yr t 
course Of a vear. 

Ihe steel of which the rails are made has to be a compromise between 
to resist wear and toughness to resist shock, and it is 
occasional breakages under traffic. We have fewer rail breakages than tl 
of some other countries, and they seldom cause serious derailments, alt! 
was one from this cause at Watford last month which, as y proba 
under inquiry. Prevention of this kind of trouble is largely a matter 
maintenance of the track to avoid undue flexure of the joints and time] 
of worn or corroded rails, coupled with conscientious daily examinati 
length ganger. Here again ultra-sonic methods of testing with light and 
equipment have met with considerable success in the detection of fla 
cracked rails, particularly at the joints, and this use is being « led 
Examinations 

\part from actual breakages, derailments can also be caused by parts co 
adrift either on the rolling stock or on the track. Nowhere m than on a rail 


does safety depend on conscientious workmanship to the last detail and rig 


inspection and examination at frequent intervals, and even a missing 





fitted split pin can have very serious consequences. Uhe 
lor tra sivnalling « 
es, track I 111 


procedure for earthwork, structures, tunnels, bridg 


locomotives and rolling stock, is very highly organized, down to a 


ment, 
examination of vital parts, and as you all know from the tapping of whee 
search for the false ring of a broken tire trains are also examined during 


courst 


tf a journey. 
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CONCLUSION 


»wwever good the organization may be the safe maintenance of the many and 


y differing forms of railway equipment depends in the final outcome on thi 


ledge, skill and sense of responsibility, of the subordinate statf, much of 


se work has to be done without the possibility of close supervision—just as 
safety of train working has to be based primarily on the watchfulness and 


itv of solitary signalmen, drivers, guards and others, and these can never 


placed entirely by technical saf« guards, though they can do much to he Ip 


ailways of all countries have built up a strong traditional regard for safety 
ng their officers and men of all grades, but so long as they are managed and 


ked by fallible human beings I am afraid things will go wrong from time to 


[he occasions are comparatively few in relation to the speed and volume 


raffic carried, and this is largely because the lessons of past failures have 


applied to good purpose, either by improvement in working methods 
pment, or engineering technique, or by taking remedial measures of a 


rent kind where there is inefficiency or neglect of duty. 

What of the future? The inherent capacity of railways to carry heavy loads 

passengers and freight at high average speeds seems to assure their continuance 
basic means Of transport for many years to come, but in this 130th vear 1n 
history of public service it is difficult to foresee any startling innovations 


eir technical safety equipment. Radar for instance has no application to the 


ntion of railway collisions, at any rate in its present state of development, 
ite its proved contribution to safety at sea and in the air, and radio com 
cation has very doubtful value to the safety of train operation though it has 


found useful in some types of railway control work. We must, of cours¢ 


ticipate a continuous advance in general engineering knowledge and practice 
vhich I am sure that full advantage will be taken by the railways, aided by 
costly research departments, but apart from that it seems that futur 
gress will lie in the wider and wider extension of proved technical safeguards 


he course of renewals and modernization, and their refinement in detail 
adaptation to changing conditions of operation. I will not attempt to forecast 
future trend of Safety on the Railways. Almost all accidents are preventable 
me way or another, and safety should improve with the growth of knowledge 
experience, and as preventive equipment is more widely installed; but there 


few accidents in which the human element can be disregarded and a great 





il will always depend on morale and discipline—in the highest meaning of 


gy s 


sometimes unpopular word. Modernity and smartness of rollin 
juipment, and surroundings, coupled with smart and punctual working, act 
i strong tonic to the staff in the highest and the lowest quarters, and in this 


as well have their bearing on safety; but I think we must also remember 


it changes in social and industrial conditions bring their distractions with 
1em—on the railways no less than elsewhere—and it may be that the need for 
} hnical aids to safe working will become more pressing in the future than 


has been in the past. 





THE ROYAL SOCIETY Of 


G 
ANNIVERSARIES 


Ihe anniversaries of the deaths of two men 

irred recently 

Arthur Aikin, who died one hundred years 

he was a founder of the Geological Sox 

ident, of the Chemical Society which was 
Society's House. During the twenty-three 
hange in the Society's methods occurred whict 
from its original role of a purely premium-giving 
main object was to be the dissemination of inforn 
and sciences: the practice of including courses 
Society s arrangements, which heralded this cl 
he personally delivered numerous courses on 
Eadweard Muybridge (the name is his ow 
changed since he considered the former more 
and was an early photographer of motion. He 
and Central America, and was first led t 
Governor Leland Stanford, a wealthy railway 


of a moving horse which showed that at one point 
enabled Stanford to win a bet of $25,000. He 
showed his ‘Zoopraxiscope’, a revolving drum wit! 
on it which were projected on a screen. This demonst1 
in this country of what was, in fact, the first cinen 

ven sound was added to the moving pict 


ly successful process in this country was 


FROM THE FOURN 


VOLUME II 26th Ma 


etter On The Examination of Members 
Soctetv s examinations, originally intend 
finally established in 1856 


Sir It is verv desirable that the real questi 
examinations and diplomas should be cleared of all 
and set plainly before the public The proposal 
and on the other hand to give, such a diploma to tl 
to the employer the intelligence he expects and pa 
classes of society, in the law, 1n the church, and 11 
applicable to the humbler? It does not propose 
bidder by examination, but to require a certificate 
Every applicant for office must come with a diplon 


cause of education requires; 1t 1s idle to say that it 


cw 


s enougl 


there are thousands and tens of thousands who do not know 
talk of compelling parents to send their children to 

or imagines itself too free, to bear it; but you 

from all candidates for office, and by so doing y 


money value of education; you would render a s¢ 


and patronage; and you would do more than laws of compulsior 


of a good education for its own inherent value will « 








